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INTRODUCTION 


The  experimental  work  begiin  last  year  on  the  maturity,  pre- 
cooling  and  transit  refrigeration  of  plums  was  continued  in  1942.  One 
of  the  objects  of  repeating  the  work  was  to  find  if  the  different 
varjeties  and  maturities  behaved  as   they  did  in  the  previous  season 
when  growing  conditions  were  not  the  same.     The  tests  v/ere  expanded  to 
include  the  President  variety?"  in  addition  to  Beauty.,  Santa  Rosa,  Trage- 
dy and  Duarte.     The  precocling  of  vertical  strip  or  Hoak  loads  y ,  was 
given  particular  attention  and  the  temperatures  attained  in  fan  cars 
were  investigated  further «     In  the  transit  temperature  studies,  ther- 
mometers were  packed  in  crates  in  other  parts  of  the  load  besides  the 
top  layer  of  the  doorway  stack  and  bottom  layer  of  the  bunker  stack 
used  last  year,   in  order  to  obtain  a  more  complete  record  of  refrigera- 
tion in  transit.     The  possibility  of  using  solid  carbon  dioxide  or 
"dry  ice"  to  supplement  the  ref  rf.  ge ration  of  pluins  in  transit  was  also 
investigated,  since  tests  by  several  other  workers  had  indicated  that 
it  had  a  marked  effect  in  retarding  ripening.     The  question  considered 
was  whether  or  not  concentrations  could  be  held  high  enough  in  commer- 
cial shipments  to  be  of  benefit. 


METHODS 

The  methods  used  were  similar  to  those  of  1941.  Random 
samples  of  crates  of  plums  from  the  usual  commercial  pack  and  se!le  cted 
crates  of  the  greenest  and  ripest  fruit  packed  for  the  eastern  shipment 
were  used  in  the  test  shipments.     Color  photographs  were  made  of  the 
plums  at  shipping  point  and  again  upon  arrival,  care  being  taken  to 
eliminate  avoidable  differences  in  color  reproduction.  Descriptions 
were  made  of  the  firmness,  ground  color,  the  amount  and  intensity  of 
over-color  and  general  appearance  of  the  fruit  when  it  was  packed, 
when  it  arrived  at  the  market  and  again  after  it  was  ripe.     The  flavor 
of  the  ripe  fruit  was  systematically  scored  to  determine  if  it  had 
poor,  acceptable,  good,  or  superior  quality.     The  amounts  of  decay  and 
other  defects  were  likevdse  noted.     The  condition  of  the  fruit  in  re- 
spect to  market  preference  was  ascertained  by  interviewing  the  buyers 
at  the  auction  and  other  buyers  as  well.     Market  preference  was  found 
to  be  a  variable  thing  depending  upon  supplies  and  demand,  yet  certain 
limits  could  be  set  within  v;hich  most  plums  v/ould  be  acceptable. 

Temperatures  in  various  parts  of  the  load  v/ere  read  during 
precooling  with  distant-reading  electric  resistance  thermometers.  Re- 
cording thermometers,  packed  in  the  center  of  the  crates,  provided  a 
record  of  the  temperatures  the  plums  were  exposed  to  from  time  of  load- 
ing until  they  were  unloaded.     These  records  v^rere  called  "transit 

1/  In  the  vertical  strip  or  Hoak  load  the  plum  crates 
are  loaded  crosswise  in  the  car.     Boards  4  inches  wide 
of  1/2  inch  material  with  2  inch  cleats  nailed  to  each 
face  are  placed  upright  between  rov;s ,   the  crates  being 
loaded  against  the  boards,  the  cleats  separating  the 
rov;s  and  preventing  sidev/ise  shifting.     Because  the 
heavy  end  piece  is  exposed  to  the  air  channel  and  the 
vertical  strips  block  horizontal  movement  of  air,  cool- 
ing was  expected  to  be  slower  in  this  load  than  in  the 
lengthwise  load. 
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temperatures"  and  it  will  be  noted  that  they  included  the  precooling  or 
preshipping  period  as  well  as  the  time  the  fruit  v;as  actually  in  tran- 
sit. 

When  it  was  possible  to  do  so,  comparisons  were  made  betv/een 
cars  that  were  handled  differently,  that  is,  precooled  or  not  precooled 
or  precooled  to  different  temperatures;  fan  car  versus  standard  car; 
or  treatment  with  dry  ice  compared  to  no  treatment.     Test  packages  of 
similar  fruit  were  loaded  in  the  same  respective  positions  in  both 
cars e     Comparisons  were  sometimes  made  between  the  cool  and  warm  parts 
of  the  same  car.     Twenty-seven  test  cars  were  shipped,  6  of  which  were 
Beauty,  9  Santa  Rosa,  5  Tragedy,  3  Duarte,  and  4  President  plums  (table 
1). 

Some  lots  of  plums  were  held  at  Davis  in  connection  with  the 
studios  on  carbon  dioxide  treatment  and  ripening  temperature;  but  sam- 
ples from,  each  shipment  were  not  held  in  storage  as  was  done  last  sea- 
son, this  duplication  of  work  being  eliminated  in  order  to  same  time 
and  money. 

It  will  be  noticed  that  the  maturity  of  the  fruit  has  been 
referred  to  in  some  cases  by  number.     This  was  done  to  simplify  des- 
cription of  the  plujns  and  tabulation  of  inspection  data.     The  important 
point  in  this  connection  is  that  maturity  3  of  each  variety  v/as  fruit 
meeting  the  minimum  maturity  requirements  established  in  the  grade 
regulations  of  the  Tree  Fruit  Agreement,     In  some  instances  maturity  3 
possessed  only  equivalent  maturity,  lacking  the  required  overcolor  or 
flesh  color.     Fruit  about  one  stage  li  per  than  the  minimum  maturity 
was  called  maturity  4.     Maturity  5  was  two  stages  riper  than  maturity  3 
and  was  representative  of  the  ripest  fruit  packed  for  eastern  shipment. 
The  commercial  maturity  vi'as  an  assortment  of  plums  ranging  from  maturi- 
ty 3  to  5. 


RESULTS 

Arrival  condition  as  affected  by 
transit  temperature  and  maturity. 

BEAUTY  PLm-IS 

Tost  cars  1  and  2; 

Test  shipments  of  Beauty  plums  were  made  in  6  cars  all  from 
the  San  Joaquin  Valley.     The  first  two  cars  vrere  shipped  on  June  2  at 
the  start  of  the  season  in  Kern  County  and  no  precooling  and  short 
precooling  of  fan  cars  v/as  compared.     Both  cars  were  shipped  standard 
refrigeration,  v/ith  the  nonprecooled  car  receiving  2  percent  sslt  at 
all  icings  as  far  as  Chicago  and  the  other  car  getting  one  api^lication 
of  salt,  3  percent,  at  the  first  icing  station  only.     Both  of  the  cars 
had  too  low  temperatures   (figure  1)  for  the  barely  passing  plLims  that 
made  up  most  of  the  load.     This  fruit  v;hen  packed  was  yellowish  green 
to  greenish  yellow  with  no  pink  and  little  yellow  in  evidence.  It 
arrived  v.'ith  too  little  red  color  to  please  the  trade  and  its  lack  of 
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good  flavor  when  ripened  also  indicated  that  it  was  picked  too  green 
for  best  satisfaction 


In  both  cars,  riper  fruit  having  about  10  percent  pink  color 
when  packed  arrived  in  good  condition  for  auction  display,  showing  45 
and  55  percent  reddish  color  respectively  in  cars  1  and  2,  Transit 
temperatures  were  lower  in  precooled  car  1  where  they  averaged  44oP. 
for  top  layer  doorv/ay,  than  they  were  in  nonpre cooled  car  2  which  had. 
48°  average  temperature  for  this  position,  despite  the  more  frequent 
salting  it  received  in  transit # 


Test  car  3: 


The  next  test  was  made  3  days  later  at  the  start  of  Beauty 
shipments  in  the  Reedley  district.     It  indicated  what  could  be  expected 
of  early  shipments  in  a  moderately  precooled  fan  car  {47°?.  at  the  end 
of  precooling),  Hoak  load,  shipped  standard  refrigeration,  3  percent 
salt  at  all  icing  stations.     Transit  temperatures  were  fairly  cool, 
averaging  46°  for  top  layer  doorway  position  and  39^  for  bottom  layer 
bunker  stack.     The  commercial  consignment  from  this  car,  fruit  having 
none  to  20  percent  pink  color,  m.ostly  about  5  percent  v/hen  packed,  was 
a  little  too  green  for  best  demand  when  it  was  displayed  on  the  auction 
for  it  had  only  10  to  15  percent  reddish  color.     The  test  lots  of  fruit 
of  minimum  maturity  (trace  of  pink,  10  percent  strav;  color)  also  ar- 
rived too  green  in  both  top  and  bottom  layers  of  the  car.     The  only 
fruit  in  this  car  that  was  not  too  green  upon  arrival  was  fruit  that 
showed  about  15  percent  pink  c^Dlorwhon  it  was  packed.     It  was  in  per- 
fect condition  for  the  auction  from  the  bottom  layer  bunker  stack  v/ith 
20  percent  red  color,  and  at  the  top  layer  doorway  stack  it  had  60  per- 
cent red  colorand  was  still  within  the  range  of  color  in  demand  by  the 
buye  rs  , 


Test  car  4 : 


A  midseason  shipment  of  Beauty  plums  was  made  from  the  Reed- 
ley district  on  June  8  in  a  standard  car,  Hoak  load,   shipped  standard 
refrigeration  with  no  salt  applied  in  transit.     This  was  a  test  to 
find  if  the  short  precooling  many  cars  receive,   (6  hours  in  this  case),; 
was  enough  for  midseason  shipments  of  this  variety  in  standard  cars. 
Average  transit  temperatures,  indicated  belov;,  were  considerably  higher 
than  in  test  cars  1,  2  and  3,  these  being  fan  cars. 

Top  layer,  quarter  length  53°F.         Bottom  layer,  doorway  44'^F, 

Top  layer,  bunker  52  Bottom  layer,  quarter  Igth  44 

Middle  layer,  quarter  length       50  Bottom  layer,  bunker  38 

Top  layer,  dooriAray  49 

The  top  layer  of  this  car  and  much  of  the  middle  la  yer  as 
well,  where  temperatures  averaged  49°  to  53°,  proved  to  be  too  vrarm  for 
even  the  greenest  fruit  packed  (minimum  maturity,  mostly  yellov^ish 
green,  no  pink  color).     It  had  almost  full  red  color  when  it  arrived 
and  was  much  too  ripe  for  the  auction.     Fruit  picked  at  a  riper  stage 
of  maturity,  showing  10  percent  pink  color,  arrived  in  good  condition 
in  the  cool  bottom  layer  v/here  temperatures  averaged  38°  to  44°, 
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This  test  indicated,  clearly  that  a  precoollng  period  of  six 
hours  that  cooled  the  fruit  to  55°F',  was  not  enough  for  even  the  green- 
est Beauty  plums  packed  In  mldseason.     It  Indicated  also  v/hat  was  need- 
ed In  the  way  of  transit  temperatures  for  this  fruit  and  that  picked 
at  a  riper  stags  of  maturity.     Average  temperatures  of  49<^  to  53°  v/ere 
not  low  enough;   38°  to  44°  wei'-e,  for  even  riper  fruit.     For  earlier 
picked  fruit,  slightly  greener  than  that  shipped  in  this  car,  48°  was 
low  enough  (test  2).     As  the  season  advances,   the  transit  temperature 
may  need  to  be  lower  for  fruit  of  about  the  same  apparent  maturity  as 
Indicated  by  overcolor.     Its  actual  maturity  is  usually  more  advanced, 
as  evidenced  by  more  yellowish  ground  color  and  lack  of  firmness  as 
compared  to  earlier  pickings. 

Test  car  8: 

A  final  shipment  of  Beauty  plums  was  made  late  in  the  season 
on  June  16  to  investigate  the  possibility  of  shipping  fruit  of  advanced 
maturity  in  v/ell  refrigerated  fan  cars.     This  was  a  Hoak  load,  pre<-- 
cooled  for  9  hours  to  48°,     shipped  standard  refrigeration,  3  percent 
salt.     The   top  layer,  quarter  length  position  had  average  temperatures 
in  transit  of  40°  v;hlch  v;as  the  best  record  of  any  Beauty  car  shipped 
in  the  1942  tests.     Despite  favorable  transit  temperatures,   the  plums 
arrived  too  soft  and  ripe.     This  fruit  was  from  the  inside  of  the  trees 
and  v^as  allowed  to  stay  on  the  trees  late  in  the  season  before  picking. 
The  plums  had  only  15  percent  pink  color  but  the  ground  color  v/as  most- 
ly yellow  Instead  of  greenish  yellov;  or  yellowish  green.     Their  advanc- 
ed maturity  was  also  evidenced  by  lack  of  hardness,  most  of  the  fruit 
being  classed  as  firm  ripe  to  ripe  when  shipped. 

Discussion  -  Beauty  Plums 

The  market  preference  for  Beauty  plums  varied  during  the 
season.    Early  shipments  were  favorably  received  if  they  had  enough 
pink  to  red  color,  about  50  to  60  percent,  so  that  thej  were  ready  for 
immediate  retail  display.     The  general  preference  for  later  shipments 
fell  into  the  20  to  40  percent  color  range  but  as  little  as  10  to  15 
percent  red  to  pink  color  was  often  acceptable.     This  was  about  the 
same  range  of  color  as  was  desired  in  1941, 

Beauty  plums  showing  as  much  as  10  to  15  percent  pink  color, 
provided  they  v:e  re  hard  to  firm  (maturity  4),  arrived  in  very  good 
condition  for  the  auction  v/hen  they  were  shipped  in  the  bottom  layers 
of  all  cars  and  even  in  the  top  layers  of  well  refrigerated  fan  cars 
(see  car  1).     Average  transit  temperatures  of  44°  or  less  were  apparent- 
ly low  enough  for  fruit  of  this  maturity  (table  2),     Similar  results 
were  obtained  in  1941  when  bottom  layers  were  found  to  be  cool  enough 
for  plums  with  as  much  as  15  to  25  percent  pink  to  red  color. 

Fruit  of  minimum  maturity  (showing  no  pink  tips  or  a  trace 
of  pink  with  some  straw  color  in  evidence,  and  with  most  of  the  plum 
greenish  yellow)  needed  transit  temperatures  that  favored  some  color 
development  such  as  were  found  in  the  top  and  middle  layers  of  cars 
refrigerated  moderately  well.     Temperatures  of  about  50°  or  above, 
such  as  v^ere  encountered  in  the  top  layer  of  a  poorly  precooled 
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standard  car  (car  4),  were  too  high  and  transit  temperatures  averaging 
in  the  range  of  38°  to  44°,  usually  found  in  bottom  layers  of  the  cars, 
were  too  low  (table  2,).     What  was  needed  were  temperatures  averaging 
about  45°  to  48*^,  such  as  could  be  obtained  In  the  top  layers  of  well 
cooled  standard  cars  or  moderately  cooled  fan  cars.     These  results 
agree  with  those  of  1941. 


SANTA  ROSA  PLUMS 

Test  cars  5,  6  and  7; 

Eight  test  shipments  of  Santa  Rosa  plums  were  made,  the 
first  of  which  was  from  Kern  County  on  June  12  at  the  start  of  the 
commercial  season.     In  this  test  a  comparison  was  made  between  a  fan 
car  and  a  standard  car,  each  precooled  and  shipped  with  two  reicings 
in  transit   (cars  5  and  6),  and  a  fan  car  precooled  for  only  a  few  hours 
and  shipped  standard  refrigeration  with  2  percent  salt   (car  7). 

Precooling  in  combination  with  air  circulation  in  transit 
(car  5)  resulted  in  top  layer  doorway  temperatures  of  43"^  in  24  hours, 
and  slightly  higher  temperatures  during  the  next  few  days  which  gra- 
dually lowered  to  39°  on  arrival.     The  top  quarter  length  was  about  1*-* 
cooler  during  the  trip  and  the  middle  quarter  length  was  about  the 
same  temperature  as   top  doorway.     The  bottom  layers  of  the  bunker  and 
quarter  length  stacks  were  much  alike  in  temperature,  cooling  to  45"^  in 
24  hours  and  then  to  39°  at  which  they  held  for  the  rest  of  the  trip. 

The  standard  car  had  temperatures  considerably  higher  than 
these,  as  shown  in  figure  2  (car  6),     The  poorly  cooled  fan  car  (car  7) 
cooled  slowly  regardless  of  the  use  of  salt  in  transit  or  shipment 
under  standard  refrigeration.     The  average  transit  temperatures  in 
these  cars  were  as  follows: 

Top  Top        Middle      Bottom  Bottom 

doorway    quarter    quarter    quarter  bunker 
Op  Op  Op  Op  Op 

Car  5, cooled  to  430,fan  car        45  41  42  41  42 

Car  6, cooled  to  470,std.car        47  49  44  40  40 

Car  7, cooled  to  700,fan  car        49  -  -  -  - 

The  fruit  displayed  on  the  auction  from  car  5  was  in  excel- 
lent condition  for  the  wholesale  trade,  showing  about  50  percent  red. 
One  lot  was  65  to  75  percent  red,  5  percent  of  which  was  dark  red  and 
it  vras  a  little  riper  than  desirable.     Test  car  6  was  sold  the  follow- 
ing day,  11  days  after  shipment  and  the  fruit  in  it  was  somewhat  riper 
than  in  car  5,   the  plums  having  about  75  percent  red  color.     This  v;as 
to  be  expected  because  it  was  a  warmer  car  and  was  sold  one  day  later. 
Car  7  was  unloaded  early  and  trucked  off  the  pier  so  that  no  inspection 
of  the  commercial  pack  was  possible  although  there  were  reports  that 
some  of  the  fruit  in  it  was  overripe. 


Fruit  of  minimum  maturity  (40  percent  pink  color  when  packed) 
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from  the  top  doorway  position  of  car  5  had  about  45  percent  red  color 
on  arrival  and  was  at  the  lower  limit  of  color  for  best  auction  dis-. 
playe     In  car  6,  where  transit  temperatures  were  warmer,  plums  of  this 
maturity  arrived  in  good  condition  with  about  85  percent  pink  to  red 
color  with  none  of  the  plums  ripe.     This  maturity,  shipped  in  car  7, 
where  cooling  was  slow  in  transit,  arrived  showing  95  percent  red  color 
with  8  percent  of  the  fruit  dark  red  and  too  ripe  for  best  demand. 
This  test  demonstrated  that  plums  with  even  the  minimum  maturity  need*, 
ed  precooling  to  retard  color  development  and  that  forced  air  circula- 
tion and  salting  in  transit  was  no  substitute  for  it.     Last  year's 
tests  likev/ise  showed  that  Santa  Rosa  plums  of  minimum  maturity  re- 
quired thorough  precooling. 

The  riper  test  fruit,  maturity  5,    (80  to  85  percent  pink  to 
red)  arrived  too  ripe  in  all  three  cars.     Even  the  bottom  layers  were 
too  warm  for  it.     Prom  the  standpoint  of  appearance  and  quality  this 
fruit  was  slightly  better  than  the  minimum  maturity,  both  being  rated 
good  to  excellent. 

Test  car  8 ; 

The  first  Santa  Rosa  test  from  the  Reedley  district  was  on 
June  16  in  a  fan  car,  Hoak  load,  precooled  for  about  9  hours  to  48°, 
shipped  standard  refrigeration  with  3  percent  salt.     The  temperatures 
encountered  in  this  car  were  favorably  low  with  the  exception  of  the 
middle  layer  quarter  length,  vfhich  cooled  slowly.     The  top  doorv/ay 
position  averaged  44°F.,  the  top  quarter  length  and  bunker  40°,  the 
middle  quarter  length  46°,  and  the  bottom  doorway  and  bottom  quarter 
length  38°  and  40°  respectively. 

The  test  crates  of  commercial  pack  had  about  45  percent  pink 
to  red  color  when  they  were  packed  and  upon  arrival  were  85  percent 
pink  to  red  at  the  top  doorway  position  and  in  an  excellent  stage  of 
ripeness  for  the  wholesaler;  at  the  top  buntier  the  plums  were  slightly 
green  and  in  the  cool  bottom  layers  (bunker  and  doorv/ay)  they  were  too 
green  for  best  wholesaling. 

Fruit  of  minimum  maturity  was  a  little  too  green  on  arrival 
after  shipment  at  the  top  quarter  length  position,  having  about  45 
percent  red  color  but  that  from  the  middle  quarterlength  where  it  was 
somev/hat  slov/er  in  cooling  had  60  percent  overcolor  and  v;as  excellent 
for  auction  display. 

The  riper  fruit,  maturity  5  (80  to  85  percent  red  when 
packed),  arrived  with  too  much  color  at  the  middle  quarter  length;  but 
that  shipped  in  cooler  parts  of  the  load,  top  and  bottom  quarter 
length,  although  showing  95  percent  overcolor  on  arrival,  v/as  firm  and 
in  good  condition  for  the  wholesaler. 

Test  cars  9^  10  and  11: 

Three  test  cars  of  Santa  Rosa  plums  were  loaded  at  Reedley 
on  June  22.    Each  was  a  standard  car  v/ithout  fans.     All  were  Hoak  loads 
but  they  differed  in  the  amounts  of  precooling  they  received.     Car  9 
was  precooled  only  8  hours  to  a  final  temperature  of  57°,  car  10  v;as 
precooled  about  twice  as  long  to  48°,  and  car  11  was  precooled  19i- 
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hours  to  430^    All  were  shipped  standard  refrigeration  v/ith  car  11  re- 
ceiving 3  percent  salt  in  transit. 

The  lack  of  thorough  precooling  resulted  in  higher  transit 
temperatures  in  car  9  than  in  other  test  cars.  The  transit  tempera*, 
tures  averaged: 

Top  Top        Middle       Bottom    Bot . 

doorway    quarter    quarter    quarter  bkr. 


Op 

op 

op 

op 

op 

50 

59 

53 

43 

41 

46 

52 

52 

42 

37 

44 

46 

48 

42 

40 

Car  9,  precooled  to  57o^std.car 
Car  10, precooled  to  48°,stdecar 
Car  11, precooled  to  430,std.car 

The  condition  of  the  plunis  on  arrival  in  these  three  cars 
affords  a  comparison  of  the  effects  of  various  amounts  of  precooling. 
The  greenest  fruit  shipped  (maturity  3)  had  30  to  40  percent  pink  to 
red  color  and  v/as  mostly  hard.     Some  plums  \n;ere  so  green  that  they 
were  passed  on  equivalent  maturity.     Top,  middle  and  bottom  layers  were 
too  warm  for  these  plums  except  in  car  li  and  in  it  the  fruit  ripened 
so  much  in  transit  that  it  was  at  the  upper  limit  of  acceptability  on 
arrival.     These  tests  showed  that  even  the  greenest  fruit  coraiaonly 
packed  for  eastern  shipment  required  thorough  precooling  for  shipment 
in  standard  cars  during  warm  weather. 

More  mature  plums  having  90  percent  pink  to  red  color  v/hen 
packed  (maturity  5)  arrived  too  ripe  except  in  the  bottom  layers  of 
cars  10  and  11.     Thus  the  top  layers  of  even  well-cooled  cars  were  too 
warm  for  the  shipment  of  fairly  firm  plums  shov/ing  90  percent  color 
when  packed  and  unless  the  car  was  v;ell  cooled  the  bottom  layers  were 
also  too  v/arm.     It  should  be  pointed  out  that  these  were  not  fan  cars,  . 

Fruit  of  commercial  pack,  averaging  80  percent  pink  to  red 
color  v;hen  packed,  arrived  in  good  condition  in  all  parts  of  well 
cooled  car  11,  but  only  the  bottom  layers  of  cars  9  and  10  were  cold 
enough. 

There  was  considerable  complaint  of  overripe  fruit  after 
the  auction  on  the  day  that  this  test  arrived,  Friday,  July  3.  This 
was  due  in  part  to  the  fact  that  fruit  would  have  to  be  held  until 
Monday  for  the  retail  markets  because  of  the  4th  of  July  holiday. 

Test  car  16 ; 

Fruit  of  advanced  maturity  that  had  about  95  percent  red 
color,  10  percent  of  v/hich  was  dark  red,  v;as  shipped  in  car  16  after 
a  few  days  storage.     It  was  a  standard  car  shipped  standard  refrigera- 
tion after  warehouse  precooling  to  about  35'-'.     The  top  layer  quarter 
length  averaged  50°  and  the  bottom  layer  quarter  length  41°  for  the 
trip.     Both  packages  of  test  fruit  at  these  positions  contained  too 
many  dark  red,   soft  plums  on  arrivals     It  was  evii'.ent  from  this  test 
that  transit  temperatures  lower  than  40°  v;ere  needed  for  fruit  of  this 
maturity.     Probably  35°  or  36°  would  have  been  necessary  since  the 


•~  8 


fruit  was  as  highly  colored  as  desired  for  the  auction  at  the  time  it 
was  packed. 

Discussion  -  Santa  Rosa  Plums . 

Market  preference  for  Santa  Rosa  plums  was  not  always  the 
same.     V/hen  supplies'  were  ll^^t,  riper  fruit  vfould  be  accepted  than  when 
they  were  plentiful,  and  buyers  for  local  stores  also  wanted  riper 
fruit  than  those  who  purchased  plums  for  dealers  some  distance  from 
New  York,     The  usual  preference  v^as  for  fruit  that  had  50  to  90  per- 
cent pink  to  red  color  with  no  dark  red  or  ripe  plums  in  the  pack. 
This  was  a  little  more  color  than  v/as  acceptable  in  1941, 

Santa  Rosa  plums  of  the  minimum  maturity  that  had  40  to  45 
percent  pink  to  red  color  when  they  were  packed  did  not  require  low 
transit  temperatures  such  as  prevail  in  bottom  layers,  although  such 
temperatures  were  not  objectionable  since  there  was  little  need  for 
color  development  for  the  fruit  to  satisfy  auction  demand.     Top  layer 
temperatures  in  poorly  refrigerated  cars  were  too  highj  these  plums 
required  transit  temperatures  averaging  less  than  50°  and  this  called 
for  good  precooling  of  standard  cars  or  moderate  precooling  of  fan 
cars   (table  3).     These  results  are  very  similar  to  those  obtained  last 
year  v;ith  plums  of  this  maturity. 

Plums  having  75  to  85  percent  pink  to  red  color  {maturity  5), 
representing  the  ripest  fruit  packed  for  eastern  shipment,  generally 
required  temperatures  that  averaged  40°  to  45°,  such  as  were  encount- 
ered in  bottom  layers   (table  3).     This  fruit  had  to  be  held  in  about 
the  same  condition  as  when  packed  for  it  had  about  all  the  red  color 
the  wholesale  market  wanted.     The  top  layers  of  well  precooled  fan  cars 
had  low  enough  temperatures,  but  standard  cars,  even  if  well  precooled, 
usually  had  part  of  the  top  layer  too  warm  for  this  fruit.     The  best 
way  to  assure  good  arrival  v/as  to  place  it  in  bottom  layers  or  else 
ship  it  in  well  precooled  fan  cars.     The  possibility  of  using  dry  ice 
to  supplement  the  refrigeration  of  plums  of  this  maturity  is  discussed 
elsev/here  in  the  report.     The  flavor  of  these  highly  colored  plums  was 
the  best  of  all  maturities  shipped,  consequently  some  extra  effort  in 
refrigerating  them  so  they  will  arrive  in  good  condition  is  v/orth- 
while .     Last  year  fruit  of  this  maturity  was  considered  too  highly 
colored  on  arrival  v/hen  shipped  in  the  bottom  layers  although  several 
days  were  actually  required  to  ripen  it.     This  year,  as  indicated, 
much  of  this  highly  colored  fruit  was  acceptable  if  it  was  firm  and 
not  dark  red. 

The  commercial  pack,  consisting  of  an  assortment  of  plums 
ranging  from  30.  to  40  percent  red  to  almost  full  color,  had  a  wide 
latitude  of  suitable  transit  temperatures   (table  3),     It  usually  ar- 
rived in  good  condition  in  the  bottom  layers  of  all  .cars  and  in  other 
parts  of  well  precooled  fan  cars  where  average  temperatures  were  in 
the  range  of  37°  to  44°.     It  v/as  usually  slightly  ripe  or  too  ripe 
after  shipment  in  the  top  or  middle  layers  of  standard  cars  unless, 
they  v;ere  well  precooled. 
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TRAGEDY  PLUMS 


Test  car  16: 

The  first  test  with  Tragedy  plums  v/as  made  July  2  from  Exeter 
in  a  car  shipped  standard  refrigeration  and  loaded  with  fruit  that  had 
been  warehouse  precooled  to  35°.     Temperatures  in  transit  were  only 
fair  for  a  standard  car,  averaging  for  the  top  layer  doorway  50°,  top 
quarter  length  47°,  middle  quarter  44°,  bottom  quarter  41°  and  bottom 
bunker  38° • 

On  arrival  11  days  after  loading,  most  of  the  commercial 
consignment  of  Tragedy  plums  in  the  car  showed  no  green  color  but  50 
percent  blue  color  was  in  evidence  with  15  to  25  percent  of  the  plums 
ripe.     The  small  fruit,  6x6 's,  were  in  good  condition  for  the  auction, 
but  the  larger  fruit  in  the  car  was  riper  than  the  trade  v/ished  to 
handle.    The  degree  of  ripeness  sought  by  the  buyers  at  the  time  this 
car  vras  sold  v/as  about  5  percent  green  color,  the  balance  light  blue 
with  no  dark  blue  in  evidence. 

Test  crates  of  the  commercial  pack  (about  75  percent  blue) 
arrived  full  to  dark  blue  and  10  percent  ripe  in  the  top  layer  doorway 
and  were  barely  acceptable.     Those  shipped  in  the  middle  and  bottom 
layers  of  the  quarter  length  stack,  where  temperatures  were  6°  to  9° 
cooler,  arrived  in  excellent  condition. 

The  minimum  maturity  (40  percent  blue  and  60  percent  green) 
arrived  too  green  ^i^en  shipped  in  the  cool  bottom  layer,  but  other 
packages  shipped  in  the  top  layer,  at  the  doorway,  arrived  in  excel- 
lent condition,   showing  90  percent  blue  color.     This  fruit  offered 
little  difficulty  in  refrigeration  and  it  had  good  flavor,  almost  as 
good  as  riper  fruit  with  95  percent  blue  color. 

Plums  of  the  ripest  maturity  packed  for  eastern  shipment, 
having  95  percent  blue  color,  25  percent  of  v;hich  was  dark  blue  when 

packed,  arrived  slightly  ripe  even  when  shipped  in  the  cool  bottom 
layer  at  the  bunker. 

Test  car  17; 

A  second  test  with  Tragedy  plums  was  made  from  Lodi  on  July 
11  in  a  fan  car  precooled  8  hours  and  shipped  standard  refrigeration, 
2  percent  salt  at  all  icing  stations  and  400  pounds  added  when  the  car 
was  loaded.     Temperatures  in  this  car  were  uniformly  cool,  reaching 
40°  within  2  to  4  days  after  loading  and  remaining  at  this  temperature 
for  the  remainder  of  the  trip.     The  top  layer  doorway  averaged  45°, 
bottom  bunker  43°,^  and  bottom  quarter  44°, 

Test  crates  of  commercially  packed  fruit  (70  percent  light 
blue  to  blue,  30  percent  green)  arrived  showing  a  trace  to  5  percent 
green  color,  all  being  at  the  best  stage  for  wholesaling. 

Greener  fruit,  representing  the  minimum  maturity,  having  40 
percent  light  blue  color  with  25  percent  of  the  plums  passed  on  equi- 
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valent  maturity  when  packed,  arrived  too  green  for  best  auction  dis- 
play even  v/hen  shipped  in  the  top  layer.     It  ripened,  hov;ever,  with 
good  flavor* 

In  this  car,  the  ripest  fruit  packed  for  eastern  shipment 
(maturity  5,  having  90  percent  blue  color)  arrived  in  satisfactory 
condition  for  wholesaling  even  vrhen  shipped  in  the  top  layer.  This 
v/ell  refrigerated  car  proved  to  be  satisfactory  for  the  shipment  of 
Tragedy  plums  showing  7Q'  to  90  percent  blue  color,  but  it  was  slightly 
too  cool  for  fruit  only  40  percent  blue. 

Tost  car  19 t 

The  third  test  with  the  Tragedy  variety  v/as  made  from  Exeter 
on  July  18.     The  fruit  was  warehouse  prccoolod  to  a  final  temperature 
of  about  4.5°  and  was  shipped  in  a  standard  car  under  standard  refrig- 
eration, 2.  percent  salt  to  be  added  at  2  reicing  stations  in  addition 
to  200  pounds  added  when  the  car  was  loaded.     The  fruit  at  the  top 
doorway  averaged  49°  and  that  at  the  bottom  bunker  37°. 

Plums  of  minimiim  maturity  (45  percent  blue  and  55  percent 
green  when  packed)  were  slightly  ripe  on  arrival  in  the  top  layer  door- 
way, and  those  shi^jped  in  the  bottom  layer  bunker  were  too  green  for 
best  auction  display. 

The  top  layer  temperatures  in  this  car  proved  to  be  too  warm 
for  the  slightly  riper  fruit  having  about  65  percent  blue  color  when 
packed,  but  similar  plums  shipped  in  the  cool  bottom  layer  arrived  in 
good  condition. 

Discussion  r.  Tragedy  Plums 

Plums  of  this  variety  most  desirable  to  the  auction  trade 
were  those  shov/ing  about  8Q  to  95  percent  blue  color  upon  arrival  with 
very  little  of  the  fruit  dark  blue  and  ripe. 

These  tests  indicated  that  for  shipment  in  standard  cars 
without  fans,  plums  having  about  40  to  45  percent  of  their  surface 
blue  colored  were  at  about  the  limit  of  ripeness  for  the  top  layers 
where  average  transit  temperatures  v/ere  4.5°  to  50°  (table  4).  Plums 
with  65  to  90  percent  blue  color  could  be  shipped  without  overripeness 
in  cooler  portions  of  the  load  v/here  average  temperatures  were  37°  to 
45°.     In  contrast  to  these  results  in  standard  cars,  fruit  with  as 
much  as  90  percent  blue  color  arrived  in  good  condition  in  top  layers 
as  well  as  bottom  layers  of  fan  car,  precooled  and  shipped  standard 
refrigeration  under  instructions  for  salting. 


PI  J  ARTE  PLUMS 

Test  car  18: 


The  first  shipment  of  Duarte  plums  was  made  from  Lodi  on 
July  15  in  a  fan  car  of  different  design  from  those  used  in  previous 
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tests   (see  table  1).     The  fruit  was  given  a  short  precooling  of  4-|- 
hours  to  a  final  temperature  of  64°  and  was  then  shipped  standard  re- 
frigeration.    This  car  had  a  fairly  good  record  in  spite  of  a  poor  pre^ 
cooling  job.     Top  layer  doorway  averaged  47°,  bottom  layer  bunker  42°, 
and  top,  middle,  and  bottom  layers  of  quarterlength  43,  45,  and  44° 
respectively.     This  car  was  in  transit  13  days. 

Fruit  at  all  positions  tested,   representing  the  commercial 
pack  consisting  of  a  mixture  of  plums  half  to  full  light  red,  with 
flesh  full  pink  to  light  red,  arrived  in  excellent  condition  for  the 
wholesaler  with  only  a  few  dark  red,  ripe  plums  scattered  through  the 
pack . 

Plums  of  minimum  maturity  (maturity  3)  that  had  flesh  ^  to 
3/4  pink  and  skin  color  50  to  75  percent  light  red  v/ere  not  well  enough 
colored  on  arrival  to  satisfy  the  wholesale  trade.     This  was  true  for 
those  shipped  in  the  top  layer  doorway  as  v/ell  as  for  the  plums  shipped 
in  the  cooler  bottom  layer  of  the  bunker  stack. 

Fruit  that  was  almost  full  red  color  when  packed,  with  about 
20  percent  of  it  dark  red  (maturity  5),  arrived  slightly  ripe  in  the 
bottom  layer  and  it  was  definitely  ripe  in  the  top  layer. 

Test  car  20: 

The  second  Duarte  test  was  shipped  from  Newcastle  on  July  18 
in  a  standard  car,  Hoak  load,  v/ith  2  reicings  in  transit  after  pre- 
cooling 25  hours  to  38°,     The  top  layer  doorway  and  quarterlength  aver- 
aged 45°,  middle  quarter  43^,  bottom  quarter  41°,  and  bottom  bunker 
39°. 

The  commercial  maturity  had  25  percent  or  less  light  red  to 
full  red  color,  averaging  about  70  percent.     The  flesh  was  mostly  red 
to  full  red.     The  test  packages  of  this  fruit  in  the  bottom,  middle, 
and  top  layers  of  the  quarterlength  stack  arrived  in  excellent  condi- 
tion for  the  wholesaler. 

The  least  mature  fruit  (maturity  3)  had  about  45  percent  red 
color  with  flesh  3/4  to  full  pink  when  it  was  packed,  and  upon  arrival 
it  was  too  green  at  either  the  top  doorway  or  bottom  bunker  positions. 

Plums  with  70  percent  light  red  color  with  flesh  mostly  full 
red  when  packed  arrived  too  ripe  in  the  top  layer  doorv/ay  stack. 

Test  car  21: 

Another  standard  car,  Hoak  load,  precooled  to  42°  was  shipped 
July  23  from  Newcastle,     It  received  2  reicings  in  transit.  Despite 
long  precooling,  the  load  was  not  very  cool  in  transit,  as  the  average 
transit  temperatures  indicate.     They  were:   -top  layer  quarter  length 
49°,  top  doorway  46°,  middle  quarter  length  47°,  bottom  quarter  43°, 
and  bottom  bunker  39°. 

Test  packages  of  the  commercial  pack  arrived  in  good  condi- 


-  12  - 


tion  for  the  auction  in  the  top,  middle  and  bottom  layers.  These 
plums  were  50  to  75  percent  light  red,  averaging  about  60  percent  when 
they  were  packed.     Their  flesh  was  1/2  to  full  light  red. 

The  greenest  fruit   (maturity  3)   in  the  top  layer  of  the  door- 
way stack  arrived  in  good  condition  for  the  auction,  showing  about  80 
percent  pink  to  red,  with  no  plums,  dark  red  or  ripe.     Such  fruit  was 
too  green  upon  arrival  when  shipped  in  the  bottom  layer,  bunker  stack. 

The  other  extreme,  the  ripest  fruit  selected  for  eastern 
shipment,  possessing  about  90  percent  red  color,  v^as  too  ripe  after 
shipment  in  the  top  layer,  but  that  from  the  bottom  layer,  bunker 
stack  arrived  in  excellent  condition  for  the  auction  showing  about  95 
percent  red  with  none  of  the  plums  ripe. 

Discussion  -  Duarte  Plums 

The  auction  trade  preferred  Duarte  plums  showing  75  to  90 
percent  red  color,  but  they  did  not  want  many  dark  red  plums  or  fruit 
that  was  not  firm.     The  buyers  also  preferred  fruit  with  pink  to  red 
flesh  color. 

The  commercial  pack  of  Duarte  plums  v/as  probably  a  little 
more  uniform  in  maturity  than  was  the  case  with  Beauty  and  Santa  Rosa. 
Most  of  the  commercial  packs  had  an  average  of  about  75  percent  light 
red  color,  varying  from  50  percent  to  full  color.     This  proved  to  be  a 
desirable  maturity  for  eastern  shipment  in  all  of  the  test  cars,  for 
it  arrived  in  good  condition  in  all  parts  of  the  loads   (table  5), 

Plums  having  about  50  percent  light  red  color  when  packed 
(minimum  maturity)  arrived  in  many  shipments  greener  than  the  auction 
preferred.     This  fruit  developed  good  quality  but  it  was  not  equal  to 
more  highly  colored  fruit.     This  is  an  indication  that  fruit  greener 
than  this,  for  instance,  equivalent  maturity,   should  not  be  shipped. 

The  ripest  fruit  shipped  showing  90  percent  red  color,  need- 
ed bottom  layer  temperatures  except  in  a  well  cooled  fan  car.  Treat- 
ment with  dry  ice  in  addition  to  thorough  precooling,  discussed  in 
another  part  of  the  report,  is  suggested  as  an  aid  to  shipping  such 
p lums • 


PRESIDEITT  PLUMS 

Test  cars  24  and  25: 

Two  test  cars  of  President  plums  v/ere  shipped  from  Lodi  on 
August  7,  one  of  v/hich  was  a  standard  car  (car  24)  precooled  for  10 
hours  to  420  and  the  other  a  fan  car  (car  25)  not  precooled,  with  78° 
average  temperature  when  shipped.     Both  cars  were   shipped  standard 
refrigeration,  2  percent  salt,  and  the  nonprecooled  fan  car  received 
400  pounds  of  salt  at  the  shipping  point.     The  transit  temperatures 
encountered  in  these  cars  are  shown  in  figure  3.     The  average  transit 
temperatures  were  as  follows: 
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Top  Middle  Bottom 

quarter  quarter  quarter 
op                     op  op 

Car  24,  standard  car,  precooled  47  46  39 

Car  25,  fan  car,  not  precooled  43  46  42 


President  plums  of  two  maturities  were  shipped  in  each  car. 
One  lot  consisted  of  the  greenest  fruit  in  the  packing  house  (maturity 
3)  and  these  barely  met  the  minimum  maturity  requirements  of  this 
variety.     These  plums  had  75  percent  light  reddish  purple  color  with 
the  balance  of  the  color  yellowish  green  and  greenish  yellow.  The 
fruit  vms  hard  (11  pounds  pressure  test)  and  had  14.8  percent  soluble 
solids.     This  fruit  vas  too  green  for  best  auction  display  on  arrival 
in  the  top  layer  of  the  fan  car  but  in  the  standard  car,  v/hich  had  4^^ 
higher  temperature,  it  arrived  in  excellent  condition  for  the  auction, 
BoLtom  layer  temperatures  were  too  cold  for  this  fruit  in  both  cars. 
The  plums  had  good  quality  when  ripe  but  they  were  not  as  good  or  as 
attractive  as  the  riper  fruit  shipped  in  these  cars. 

Plums  of  more  advanced  maturity  (maturity  5)  had  95  percent 
blue  color,  a  pressure  test  of  9.4  pounds,  and  soluble  solids  of  17.4 
percent  when  they  were  harvested.  These  pluiTis  arrived  in  good  condi- 
tion in  the  fan  car  in  both  the  bottom  and  top  layers  but  those  shipped 
in  the  top  layer  of  the  standard  car  were  fully  colored  and  were  con- 
sidered to  be  slightly  past  the  best  condition  for  the  auction  although 
4  days  were  required  to  ripen  them. 

Test  car  26; 

A  third  shipment  of  President  plums  was  made  from  the  Loomis 
district  August  14  in  a  standard  car  precooled  for  about  17  hours  to 
38'^.     It  was  shipped  standard  refrigeration,  3.  percent  salt.  Top 
layer  quarter  length  had  an  average  temperature  of  49°  and  the  bottom 
layer  39°, 

The  maturities  used  for  test  crates  v/ere   the  greenest  and 
ripest  fruit  packed.     The  least  mature  fruit   (maturity  3)  had  75  per- 
cent purplish  red  color  and  was  mostly  hard  and  proved  to  be  slightly 
too  green  on  arrival  v/hen  shipped  in  either  the  top  or  bottom  layer 
of  the  car.     On  arrival  the  full  colored,   riper  fruit   (maturity  6) 
was  slightly  past  the  best  condition  for  the  wholesale  trade  in  the 
top  layer  but  that  shipped  in  the  bottom  layer  was  in  good  condition. 

Test  car  27 ; 

A  final  test  was  made  with  President  plums  on  August  18  from 
Lodi ,    This  shipment  vms  in  a  fan  car,  nonprecooled  load,  shipped 
standard  refrigeration  v/ith  2  percent  salt  in  transit.     The  average 
transit  temperature  was  43°  for  the  top  and  bottom  layers  and  45°  for 
the  middle  quarter  length. 

Test  crates  of  commercial  pack  consisted  of  plums  v;ith  about 
90  percent  blue  color  vrhen  shipped,  about  half  hard  end  half  firm. 


-  14  - 


They  arrived  in  good  condition  for  the  wholesale  trade  even  after 
shipment  In  the  middle  layer  where  temperatures  were  relatively  warm. 
Their  flavor  was  excellent  v;hen  they  v/ere  ripe. 

No  fruit  of  minimum  maturity  was  packed  this  late  in  the 
season  and  the  greenest  fruit  had  85  percent  reddish  purple  color 
(maturity  4).     This  fruit  was  in  very  satisfactory  condition  for  the 
auction  on  arrival,  after  shipment  in  both  the  top  and  bottom  layers,. 
Both  lots  were  about  alike;  they  were  firm  and  had  about  80  percent 
blue  color  and  10  percent  light  blue.     The  fruit  had  good  flavor  when 
ripe  3 

Fruit  riper  than  this  lot,  having  95  percent  full  purple 
color  v/hen  packed,  also  arrived  in  good  condition  in  top  and  bottom 
layers  of  this  car.     Although  the  plums  shipped  in  the  top  layer  were 
fully  colored  on  arrival,   they  v/ere  firm  and  not  overripe.     Those  from 
the  bottom  layer  had  a  little  less  blue  color.     This  fruit  rated  excel- 
lent in  flavor  v/hen  ripe,  but  som.e  plums  v/ere  somev/hat  dry  and  mealy. 

Discussion  -  President  Plums 

The  market  preference  for  this  variety  v/as  for  fruit  showing 
full  blue  color  with  little  dark  blue  or  soft  fruit  in  evidence.  Plums 
with  only  85  percent  blue  color  on  arrival  v/ere  considered  slightly 
green  for  best  auction  demand. 

These  tests  Indicated  that  fruit  of  the  minimum  maturity, 
that  is  having  75  percent  of  the  surface  reddish  purple  color  and  the 
ground  color  light  yellov/ish  green,  generally  arrived  slightly  green 
even  v/hen  exposed  to  fairly  high  transit  temperatures.     Fru.lt  only 
slightly  riper,  shov/ing  85  percent  reddish  purple,  was  more  desirable 
without  offering  any  refrigeration  difficulties.    Even  fully  colored 
fruit  arrived  in  good  condition  with  little  overripeness  in  any  of 
the  shipments   (table  6).     This  variety  is  apparently  slow  in  ripening 
and  can  be  shipped  when  fully  colored  if  the  plums  are  not  dark  blue 
or  soft. 


CARBON  DIOXIDE  TESTS 

Experimental  v/ork  by  other  Investigators  1/  on  the  storage 
of  plums  in  atmospheres  modified  with  various  concentrations  of  carbon 
dioxide  has  shown  that  the  development  of  color  and  softening  was  re- 
tarded v/ithout  injurious  effects  to  flavor  and  ripening  response  as 
long  as  certain  limits  of  concentrations  and  exposures  were  not  exceed- 
ed.    Recent  vfork  on  the  use  of  dry  ice  to  supplement  the  transit  re- 
frigeration indicated  that  concentrations  could  be  held  high  enough  in 
refrigerator  cars  to  be  of  benefit  and  not  too  high  to  damage  plums  if 

1/Ryall,"  A.L. ,  A.S.H.S.  32,  p.  164-169,  1934.     Allen,  F.V/., 
A.S.H.S.  37,  pp. 467-472,  1939.     Allen,  F.  W.  and  Smock,  R.M., 
A.S.H.S.  35,  pp.  193-199,   1937.     Brooks,  et  al,  U.S.D.A.  Tech. 
Bull.  318,   1932.     Brooks,  et  al,  U.S.D.A.  Tech. Bull.  519,  1936. 
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a  large  charge  of  dry  ice   (about  1,000  pounds)  was  applied  in  double- 
wrapped  50  pound  cakes  so  that  sublimation  would  be  slow  2/.  About 
100  pounds  were  broken  on  the  water  ice  to  build  up  concentrations 
quickly.     This  method  was  follov/ed  in  the  test  shipments  of  plums.  It 
was  found  that  three  to  four  hours  after  applying  the  dry  ice,  a  gas 
concentration  of  15  to  20  percent  was  obtained  inside  the  car.  This 
concentration  probably  decreased  to  10  to  15  percent  during  the  first 
day  the  car  was  rolling.     No  provision  was  made  to  determine  gas  con- 
centrations in  transit,  but  in  one  instance  an  analysis  of  the  atmos- 
phere in  the  car  upon  arrival  in  New  York  the  12th  morning  showed  2.5 
percent  COo.     No  dry  ice  remained,  but  frost  on  the  wrappers  indicated 
that  it  had  lasted  throughout  most  of  the  transit  period. 

As  used  in  these  tests,  the  addition  of  1,100  pounds  of  dry 
ice  to  a  load  of  fruit  moving  under  standard  refrigeration  had  little 
effect  in  lowering  the  transit  temperature  of  the  fruit.     This  is 
shown  by  the  following  data  taken  from  the  Ryan  recording  tapes. 

Test  Refrigeration  Average  Fruit  Temperatures  in  Load 


Top 

Middle 

Bottom 

Quarter 

Quarter 

Quarter 

12 

Standard 

46 

42 

38 

13 

Standard 

dry 

ice 

43 

43 

38 

14 

Standard 

51 

49 

41 

15 

Standard 

dry 

ice 

46 

45 

37 

22 

Standard 

dry 

ice 

55 

53 

44 

23 

Standard 

49 

48 

41 

The  shipping  tests  were  supplemented  by  tests  at  Davis  in 
which  the  plums  were  stored  for  the  10-day  transit  period  at  42°  in 
air  and  in  chambers  to  which  sufficient  dry  ice  had  been  added  to  give 
carbon  dioxide  concentrations  of  5  and  of  10  percent.     For  comparison, 
part  of  each  fruit  sample  v/as  held  in  air  at  320f,     Following  this 
simulated  transit  period,  all  samples  were  held  at  room  temperature 
for  ripening. 


RESULTS  OF  TESTS  WITH  CARBON  DIOXIDE 
Beauty  Plums 

Holding  tests 

The  Beauty  plums  used  in  the  holding  tests  were  harvested 
from  the  University  Farm  orchards  June  19,  1942,  and  were  carefully 
sorted  into  four  color  groups  approximately  as  follows: 

2/'  Ryall,  A.  Lloyd,  et  al,  U.  S.  D.  A.  H.  T.  &  S.  Report  76, 
1941,     Gerhardt,  et  al,  U.  S.  D.  A.  H.  T.  &  S.  Report  51,  1941. 
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Lot  No.     Maturity            Ground  Color                Pet «     Max.  Overcolor  Pet . 

1  4  Lt 6  grne  to  yel,  crn,        90            Light  red  10 

2  4-|-  Yellow  green                        75            Light  red  25 

3  5  Green  yellow                        50           Red  50 

4  Com.  Ripe  Yellow                                  0-25          Red  75-100 

One  basket  of  each  maturity  was  immediately  stored  in  the 

atmospheres  and  at  the  temxjeratures  stated  above » 


MATURITY  4  (10  Percent  Color) 


After  holding  for  10  days  in  42°  air,  Beauty  plums  that  were 
h^ested  vd.th  10  percent  pink  or  red  color  showed  approximately  45 
percent  light  red  with  25  percent  of  the  ground  color  yellow.  They 
were  all  classed  as  firm.     Baskets  of  comparable  fruit  held  at  the 
same  temperature  in  an  atmosphere  containing  CO2  shov/ed  25  to  35  per- 
cent red  color  and  only  10  percent  yellow  ground  color.     Nearly  half 
of  the  fruit  was  still  classed  as  hard.     In  appearance  this  fruit  held 
in  CO2  at  42°  was  almost  identical  with  the  control  samples  v/hich  had 
been  held  in  32^  air.     In  texture  it  was  even  more  firm. 


Tv/enty-four  hours  after  removal  to  room  temperature,   the  dif. 
ference  in  color  and  firmness  between  the  fruit  held  at  42°  in  air  and 
in  COo  was  more  marked  than  v/hen  the  test  lots  were  removed  from 
storage . 

After  removal  from  transit  temperatures  to  room  temperature 
the  number  of  days  required  before  the  fruit  was  considered  in  prime 
eating  condition  v/as  as  follows: 

Held  at  42°,  in  air  —  2  days 

Held  at  42°,  in  5  percent  CO2        3  days 

Held  at  42°,  in  10  percent  CO2        4  to  5  days 

Held  at  32°,  in  air    —  3  to  4  days 

Dessert  quality  in  the  fruit  held  for  ten  days  in  10  percent 
CO2  was  perhaps  slightly  inferior  to  that  held  continuously  in  air. 
All  samples  vrere  in  poor  market  condition  the  second  or  third  day 
following  the  attainment  of  optimum  ripeness  for  eating. 


MATURITY  4i  (25  Percent  Color) 


Plums  harvested  with  25  percent  color  showed  the  same  rela- 
tive differences  as  were  secured  with  fruit  of  0  to  10  percent  color. 
"On  arrival"  the  fruit  carried  in  carbon  dioxide  atmospheres  was  ap- 
proximately 50  percent  red  colored  as  compared  to  75  percent  for  that 
held  in  42°  air.     All  of  the  latter  were  considered  "firm  ripe".  Both 
lots  of  fruit  were  too  far  advanced  for  the  wholesale  trade. 
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Color  differences  were  again  more  marked  one  or  two  days 
after  arrival.     The  number  of  days  required  for  the  different  lots  of 
fruit  to  reach  prime  eating  condition  were  in  all  instances  one  day 
less  than  for  the  different  lots  picked  with  a  maximum  of  10  percent 
color • 

A  concentration  of  10  percent  carbon  dioxide  had  no  detri- 
mental effect  upon  the  dessert  quality  of  Beauty  plums  harvested  with 
25  percent  color* 


MATURITY  5  and  COMIVIERC lALLY  RIPE 

Riper  fruit   (picked  50  percent  to  full  color)  again  showed 
the  effects  of  the  COg,  but  with  more  color  development  and  softening 
before  picking  differences  between  the  lots  were  often  less  noticeable* 
After  the  transit  period  all  lots  were  too  ripe  for  auction  demand. 
Fruit  harvested  with  50  percent  color  was  in  prime  eating  condition  in 
from  one  to  four  days.     Fruit  of  75  percent  to  full  color  when  har- 
vested was  either  eating  ripe  upon  arrival  (42'-^  air  sample)   or  on  the 
following  day.     Approximately  half  the  fruit  carried  in  10  percent  COg 
remained  in  fair  retail  condition  for  four  days,   or  twice  as  long  as 
the  fruit  held  continuously  in  air. 

Shipping  tests  ; 

In  tests  12  and  13  from  Newcastle,   June  26,  two  comparable 
cars  of  Beauty  plums  were  shipped  under  standard  refrigerati.  on.  In 
test  13,  1,100  pounds  of  dry  ice  v;as  added.     Test  packages  of  maturity 
5  (fruit  averaging  45  percent  color)  and  commercial  maturity  (also 
averaging  45  percent  color)  were  placed  quarter  v;ay  of  the  load  in  the 
top,  center  and  bottom  layers.     Commercial  test  crates  of  "ripe"  fruit 
(averaging  80  percent  color)  were  also  included  at  the  center  position 
in  each  load. 

The  two  cars  v;ere  not  unloaded  until  the  tv/elfth  morning, 
being  held  in  Jersey  City  for  tv/o  extra  days. 

At  time  of  unloading  a  comparison  was  first  made  of  the  com- 
mercial part  of  the  two  cars.     The  plums  in  the  gassed  car  showed  about 
15  percent  less  red,  and  considerably  less  yellow  ground  color  than 
those  in  the  car  receiving  no  gas.     This  was  sufficiently  marked  to 
cause  comment  from  the  receiver.     After  twelve  days  in  transit  all 
Beauty  plums  of  maturity  5  were  too  far  advanced  for  the  auction  except 
those  at  the  bottom  layer  position  of  the  gassed  car. 

Commercially  ripe  plums,  shipped  at  the  middle  quarter  length 
position,  were  100  percent  ripe  in  the  untreated  car  and  those  in  the 
gassed  car  were  only  10  percent  ripe.     This  difference  brings  out  the 
influence  of  carbon  dioxide  upon  ripening,  although  with  the  rather  low 
concentration  of  the  gas  maintained  in  the  car  and  the  advanced  stage 
that  the  fruit  was  in  when  shipped  even  that  shipped  in  the  carbon  di- 
oxide cars  were  too  ripe  on  arrival. 
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SANTA  ROSA  PLUMS 

Holdl  ng  tests  ; 

As  with  the  Beauty  variety,  Santa  Rosa  plums  of  maturity  3 
(20  to  40  percent  color)  and  of  maturity  4  to  5  (75  to  100  percent 
color)  were  likewise  harvested  from  the  University  Farm  orchards  July 
3  and  held  in  air  and  in  CO2  for  the  shipping  period* 

After  ten  days,  fruit  of  maturity  5  held  in  42°  air  was  50 
percent  pink  or  light  red  with  a  greenish- yellow  to  yellow  ground 
color.     Fruit  held  in  5  pei'cent  GO2  was  of  equal  red  color,  but  showed 
less  yellow;   that  held  in  10  percent  COg  was  greenish-yellow  and  only 
40  percent  pink  or  red.     It  was  very  similar  in  appearance  to  fruit 
which  had  been  held  in  32*^  air. 

After  the  transit  period  the  fruit  was  observed  daily  for 
changes  in  color  and  firmness.     Fruit  held  for  ten  days  in  42°  air 
required  5  days  at  75°  to  become  ripe,  that  held  in  5  and  10  percent 
carbon  dioxide,  6  to  8  days  and  7  to  9  days,  respectively.  Carbon 
dioxide  delayed  ripening  of  the  greener  fruits  somewhat  too  long  and 
the  dessert  quality  was  slightly  impaired. 

Plums  harvested  with  practically  full  color  were  held  at  42° 
for  10  days  with  only  slight  color  change  and  at  first  glance,  little 
difference  appeared  in  the  lots.     However,   the  red  color  and  also  the 
strav;  ground  color  vms  slightly  more  advanced  in  the  sample  held  in 
air  than  in  the-  COg  lots. 

After  four  days  at  room  temperature  the  following  conditions 
were  noted: 

42°  air  —  fruit  nearly  black  and  soft 

32°  air  —  dark  red  and  full  ripe 

42°  5  percent  COg  —  dark  red,  one -ha If  ripe 

42°  10  percent  CO2--  mostly  medium  red,  not  ripe 

Most  of  the  fruit  held  at  42°  in  air  v/as  overripe  after  two 
additional  days,  whereas  only  about  50  percent  of  the  fruit  held  in 
10  percent  COg  was  ready  for  eating.     The  fruit  held  in  5  percent  COg 
and  in  air  at  32°  was  similar  and  intermediate  in  ripening  between  the 
42°-air  and  the  42°-.10  percent  COg  lots. 

Holding  tests  with  Santa  Rosa,   therefore,  shows  the  poten- 
tial value  of  carbon  dioxide  in  making  it  possible  to  ship  this  variety 
with  more  color  if  and  when  a  concentration  betv;een  10  and  5  percent 
of  COg  can  be  maintained  in  the  refrigerator  car  during  the  10-day 
transit  period.     As  with  the  Beauty  variety,  fruit  of  minimum  maturity 
may  have  ripening  retarded  to  such  an  extent  that  it  will  fall  to  de- 
velop optimum  color  or  texture. 
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Shipping  tes ts ; 

Tests  14  and  15  were  made  in  two  Hoak  loads  of  fruit  from 
Reedley,  June  30.     In  test  15  where  dry  ice  was  used  the  fruit  was 
precooled  only  to  an  average  temperature  of  51°  and  was  shipped  stan- 
dard refrigeration  v/ith  3  percent  salt  at  each  reicing.     In  test  14, 
the  fruit  was  precooled  to  43°  and  shipped  standard  refrigeration 
(without  salt).     Probably  as  a  result  of  the  salt  applied  in  transit, 
the  temperature  in  the  dry  ice  car  after  the  first  two  days  averaged 
3'-'  to  5°  colder  than  in  the  car  without  the  dry  ice. 

In  each  car,  test  crates  of  Santa  Rosas  of  maturity  5  (aver- 
aging 90  percent  color)  and  crates  commercially  packed  (averaging  80 
percent  color)  were  placed  at  the  top,  center  and  bottom  quarter 
length  positions.     One  crate  of  maturity  3  (meeting  only  the  minimum 
requirement  of  45  percent  color)  was  placed  at  the  middle  quarter 
position  of  each  load. 

Upon  arrival  the  ripest  fruit  shipped  (maturity  5)  v/as  too 
far  advanced  at  all  quarter  length  positions  of  the  ungassed  car.  In 
the  gassed  car  the  fruit  at  the  center  quarter  length  position  v/as 
likewise  considerably  overripe.     Fruit  in  the  top  of  the  load  was 
slightly  ripe;   in  the  bottom,  however,  there  v;as  no  ripe  fruit  upon 
arrival , 

Fruit  in  the  commercial  test  crates  at  the  top  quarter 
length  of  the  gassed  car  and  at  the  top  and  middle  position  of  the 
ungassed  car  was  likewise  considered  overripe  for  the  auction.  The 
middle  and  bottom  layer  fruit  in  the  gassed  car  and  the  bottom  layer 
fruit  in  the  standard  car  was  satisfactory  for  the  wholesaler. 

Maturity  3  (45  percent  color)  after  shipment  in  the  middle 
layer  at  the  quarter  length,  the  warmest  position  in  the  car,  was  70 
percent  colored  and  it  was  in  satisfactory  condition  for  the  whole- 
saler although  the  fruit  in  the  standard  car  v/as  on  the  ripe  side. 

An  inspection  of  the  different  commercial  lines  from  the 
two  cars  on  the  auction  pier  shov/ed  that  the  plum.s  which  were  treated 
v/lth  carbon  dioxide  had  at  least  20  percent  less  color  than  those 
shipped  in  the  untreated  car.     The  gassed  fruit  averaged  75  to  80  per- 
cent color  v;ith  a  few  dark  plums  but  no  ripe  fruit.     It  v/as  reported 
as  being  in  excellent  condition  for  the  wholesale  trade.     In  the  other 
car,  all  the  fruit  v/as  of  full  color  v/lth  25  percent  dark  red  and  at 
least  6  percent  ripe.     The  car  v/as  considered  well  past  the  proper 
stage  for  the  wholesaler. 


TRAGEDY  PLUMS 

Shipping  tests  ; 

No  holding  test  was  made  of  Tragedy  plums  but  this  variety 
comprised  the  bulk  of  the  load  in  test  cars  22  and  23  shipped  from 
Lodi,   July  22, 
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Tra/^edy  fruit  of  both  maturity  4  (averaging  55  percent  color) 
and  maturity  5  (averaging  95  percent  color)  v/ere  shipped.     Test  crates 
of  maturity  4  were  at  top,  center  and  bottom,  quarter  positions,  whereas 
the  test  crates  of  maturity  5  v/ere  omitted  from  the  top  position. 

After  23  hours  precooling,   the  average  fruit  temperature  in 
this  car  was  48*^;  that  of  the  companion  car  (test  23)  to  v/hich  no  dry 
ice  was  added  before  shipment  was  42°»     Both  cars  moved  under  standard 
refrigeration,  and  this  initial  difference  of  6-°  higher  temperature  in 
the  dry  iced  car  persisted  in  the  top  layer  throughout  the  transit 
period.     In  fact,  during  the  first  day  in  transit,  the  difference  in 
temperature  was  as  much  as  10°F, 

Upon  arrival  no  marked  or  consistent  differences  appeared  in 
the  coloring  and  softening  of  the  fruit  in  the  two  cars;   the  more 
thorough  precooling  received  by  the  untreated  car  apparently  offset 
the  effect  of  the  dry  ice. 

Fruit  of  maturity  5,  even  v;hen  carried  at  the  bottom  and 
middle  quarter  position,  arrived,  too  far  advanced  for  the  auction. 
Fifteen  to  20  percent  of  the  fruit  v/as  dark  colored  and  ripe. 

Fruit  of  maturity  4,  harvested  with  approximately  one-half 
color,  was  likevi/ise  almost  too  ripe  for  auction  and  that  at  the  top 
quarter  position  v;as  even  riper,   one-third  of  the  fruit  being  of  dark 
color  and  from  30  to  45  percent  ripe.     This  is  not  believed  to  have 
been  due  to  over-maturity  at  time  of  shipment  but  to  the  fact  that  the 
cars  v/ere  fairly  warm  throughout  the  entire  transit  period.     The  top 
layers  had  a  temperature  of  50°  to  54°F,     Plums  of  this  maturity  in 
the  bottom  layer  were  mostly  in  good  condition. 


DUARTE  PLUMS 

Holding  tests: 

Carbon  dioxide  holding  tests  were  made  v/ith  Duarte  plums 
(maturities  4  and  5  averaging  45  and  90  percent  external  color  with 
75  to  100  percent  pink  and  100  percent  of  the  flesh  red,  respectively) 
from  the  same  lots  selected  for  shipping  test  20,  July  17,  1942,  from 
Newcastle . 

After  the  10-day  holding  period  the  fruit  of  both  maturities 
stored  in  42°  air  had  more  color  and  v/as  softer  than  the  fruit  held  in 
CO2.     The  samples  held  in  10  percent  GO2  v;ere  similar  in  color  to  the 
sample  held  in  32°  air,   little  change  having  occurred. 

After  four  days  exposure  to  75°,  fruit  of  maturity  4  which 
previously  had  been  in  42°  air  was  in  prime  eating  condition,  Pi'uit 
held  :n  COo  v/as  still  greenish-red  and  required  tv/o  to  three  addi- 
tional days  to  become  ripe.     Samples  held  in  5  percent  carbon  dioxide 
as  v/ell  as  those  in  10  percent  were  slightly  greener,  more  firm,  and 
required  longer  to  ripen  than  the  sample  held  in  32°  air. 
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The  same  relative  differences  v/ere  observed  in  the  fruit  har 
vested  with  nearly  full  color,  but  in  all  cases  this  fruit  ripened  1 
to  2  days  sooner. 

Fruit  of  maturity  4  held  in  carbon  dioxide  was  perhaps  of 
slightly  lower  dessert  quality  than  that  held  continuously  in  air,  but 
with  the  riper  fruit,  maturity  5^  no  difference  was  noticeable. 

Shipping  test: 

The  CO2  shipping  test  with  Duarte  plums  vms  combined  v/ith 
the  Tragedy  test  from  Lodi   (test  22)  Julj:"  22,  and  the  same  conditions 
and  transit  temperatures  prevailed;  that  is,  the  car  treated  with  "dry 
Ice"  was  about  6'-'  warmer  than  the  companion  carg     Fruit  of  maturity  4 
was  used  and  the  test  crates  were  placed  at  the  top  quarter  length 
position. 

As  with  the  Tragedy  variety,  when  the  test  crates  from  the 
two  cars  v^ere  observed  upon  arrival  in  New  York,  it  was  difficult  to 
see  any  difference  between  them,  the  lots  in  both  cars  having  about 
12  percent  dark  red  plums.     Thus  again,  precooling  to  about  6°  to  8^ 
cooler  temperature  offset  the  effect  of  the  carbon  dioxide. 


WICKS  ON  PLIBIS 

Holding  tests : 

No  shipping  test  was  made  with  this  variety,  but  fruit  was 
harvested  from  the  University  Farm  orchard  August  5  and  held  at  Davis, 
When  harvested,  the  plums  were  showing  approximately  30  percent  straw 
color  with  70  percent  greenish-yellow  to  yellowish-green.     The  flesh 
was  "cream"  color. 

After  the  holding  period,  the  fruit  held  at  42^  in  air  v^as 
mostly  straw  color  and  firm  ripe  to  ripe;  that  held  in  10  percent  CO2 
was  50  percent  straw  color  and  90  percent  firm.     The  firmness  equaled 
that  of  the  32°  fruit,  but  the  color  was  slightly  more  advanced. 

After  two  days  at  70°,   the  fruit  from  42°  air  v;as  predomi- 
nantly yellow,  ripe,  and  relatively  soft;  the  10  percent  COg  sample 
was  in  approximately  the  same  condition  as  the  air  sample  two  days 
previous,  and  at  this  time  v/as  more  firm  and  had  slightly  less  color 
than  the  32°  air  sample.     Neither  sample  v^as  ready  to  eat. 

After  two  additional  days  at  70°  the  difference  just  men- 
tioned between  the  fruit  held  in  COg  and  that  held  in  air  at  32°  was 
more  marked.     Plums  which  had  been  held  at  32°  ripened  rather  uniform- 
ly, about  1/3  of  the  fruits  showing  red  color »     The  sample  from  COg 
storage  was  uniformly  greenish-yellow  to  yellov;.     In  appearance  it 
was  ripe  but  the  flesh  was  still  firm  and  lacked  juiciness.  Fruit 
carried  in  air  at  42°  was  golden  yellow  to  red,  soft,  juicy  and  slight 
ly  past  prime . 
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Final  observation  on  the  above  samples  was  made  after  hold- 
ing six  days  at  70°;     The  fruit  held  in  air  at  42°  was  overripe  and 
that  held  at  32*^  was  half  I'ed  and  half  yellowish-red.  and  v;as  soft  and 
ripe  to  slightly  overripe. 

Fruit  held  in  10  percent  was  still  greenish  yellow  to 

yellow,  and  had  rather  touch,  dry  flesh.     This  concentration  of  carbon 
dioxide  had  apparently  retarded  ripening  to  such  an  extent  that  it 
could  not  proceed  in  a  normal  manner.     The  dessert  quality  of  the 
fruit  was  definitely  poor  and  the  fruit  was  becoming  infected  with 
broivn  rot. 


DISCUSSION  -  CARBON  DIOXIDE  TESTS 

The  holding  tests  confirmed  previous  results  in  shov\^ing  that 
carbon  dioxide  definitely  retarded  both  coloring  and  softening  com- 
pared to  that  which  normally  occurs  in  air.     Fruit  held  for  ten  days 
at  420        iQ  percent  COg  v/as  similar  in  appearance  and  condition  to 
that  held  in  air  at  32°.     It  also  remained  marketable  about  two  days 
longer.     Fruit  held  for  ten  days  in  a  5  percent  concentration  remained 
good  for  at  least  one  day  longer  than  that  held  in  ajr.     Carbon  diox- 
ide thus  had  a  residual  effect  even  after  the  fruit  was  removed  to 
normal  air  for  ripening. 

An  atmosphere  ol'  carbon  dioxide  averaging  as  high  as  10  per~ 
cent  during  the  normal  ten-day  transit  period  had  no  detrimental  ef- 
fect upon  normal  ripening  or  dessert  quality  in  plums  of  advanced 
maturity  with  the  exception  of  the  Wickson  variety,     V/ith  fruit  show- 
ing little  more  than  the  minimum  maturity  for  shipping,  normal  ripen- 
ing was  so  delaj^ed  that  the  quality  v/as  frequently  impaired.  This 
effect  was  noticed  in  the  shipping  tests  as  well. 

In  the  shipping  test,  a  charge  of  1,100  pounds  of  dry  ice 
had  about  the  same  retarding  effect  on  ripening  as  6°  to  8°  lov/er  pre- 
cooling  temperature.     This  effect  was  less  than  obseived  in  the  holding 
tests  where  10  percent  CO2  for  10  days  was  equivalent  to  lowering  the 
temperature  10°,  from  42°  to  32°,     It  is  doubtful  if  concentrations  as 
high  as  10  percent  were  maintained  in  transit  for  tests  v/ith  cherries 
have  shown  that  the  concentrations  ranged  bet^^een  3.5  and  9.0  percent 
at  the  end  of  5  days  and  upon  arrival  were  only  1.0  to  2.0  percent  1/ , 
In  a  fan  car  the  concentration  diminished  even  fastei-  2/.     This  sea- 
son's tests  indicate  that  dry  ice  would  be  helpful  in  the  shipment  of 
ripe  plums.     For  maximum  benefit  such  fruit  sliould  also  be  well  pro- 
cooled.     The  addition  of  dry  ice,  howevor,  v/ill  compensate  for  some 
lack  of  cooling, 

lyGcrhardt,  Fisk,  et  al  -  A  study  of  CO2  gas  retention 
in  refrigerator  cars  during  the  commercial  freight 
shipments  of  sweet  cherries,     U.S.D.A.  H.T.  &  S.  Report 
75,  1941, 

2/Smith,  Edwin,  et  al  -  Report  on  a  transportation  test 
with  sweet  cherries  in  refrigerator  cars;  -  Influence  of 
the  height  of  load,  mechanical  circulation  of  air  and 
the  use  of  CO^  as  a  supplement  to  standard  refrigeration. 
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FAN  CARS  AS  A  SUBSTITUTE  FOR  PREC POLING 


The  transit  tc-mpera ture  studies  have  shown  that  air  circula- 
tion in  transit  such  as  is  provided  in  fan  cars  will  not  usually  take 
the  place  of  thorough  prccooling. 

The  reason  for  this  3s  brought  out  clearly  in  figure  1, 
v/here  temperature  charts  from  fan  cars  are  presented.     Cooling  of  the 
nonprecooled  fan  car  was  slow  in  transit  despite  salting  of  the  ice  as 
far  as  Chicago,  and  the  temperature  of  the  top  layer  at  the  doorv/ay 
did  not  reach  43°  until  the  end  of  the  4th  day.     The  entire  load  of 
plums  could  have  been  prccooltd  to  this  temperature  in  24  hours. 

The  time  required  for  a  fan  car  to  cool  the  load  in  transit 
to  a  temperature  equal  to  that  of  a  well  precooled  standard  car  is 
brought  out  in  figure  2.     Car  6  was  a  standard  car,  well  precooled, 
shipped  with  2  reicings  in  transit.     The  top  layer  v/as  43"^  at  time  of 
shipping.     Car  7,  a  fan  car,  was  precooled  for  only  a  short  time  and 
its  temperature  was  73°  at  this  position  when  it  was  shipped.     It  re- 
ceived the  benefit  of  2  percent  salt  at  all  icing  stations  and  ship- 
ment by  standard  refrigeration.     The  fan  car  reached  the  temperature 
of  the  standard  car  in  4  days;  from  then  until  arrival  it  had  tempera- 
tures 3°  to  5°  lower  but  the  average  temperature  for  the  trip  v/as  about 
2  0  higher  than  in  the  standard  car  and  the  fruit  in  it  was  noticeably 
riper  on  arrival. 

If  a  fan  car  gets  af  airly  long,  fast  run  v/ithout  long  stops, 
cooling  may  be  fast  enough  and  transit  temperatures  low  enough  to 
compensate  for  no  precooling.     Such  a  condition  was  enountered  from 
one  loading  point  in  a  nonprecooled  fan  car  shipped  standard  refrigera- 
tion v/ith  2  percent  salt   (car  25,  figure  3).     Its  companion  car  was 
precooled  for  23  hours,  and  the  top  layer,   quarter  length,  was  about 
38°  Vvfhen  it  v;as  shipped.     The  nonprecooled  fan  car  was  cooled  to  the 
temperature  of  the  precooled  standard  car  3  days  after  loading  and 
dui'ing  the  remainder  of  the  trip  it  was  unusaully  low  in  temperature, 
36°  to  370  for  the  most  part.     Because  of  this  it  had  an  average  tran- 
sit temperature  3-|-°  lower  than  the  precooled  standard  car.  Transit 
temperatures  as  low  as  these  are  not  often  obtained  and  a  record  as 
good  as  this  cannot  bo  counted  on. 

There  might  be  some  question  concerning  the  value  of  an 
average  temperature  in  comparing  the  effect  of  tv/o  different  transit 
temperatures  on  the  ripening  of  plums.     There  are  obvious  limitations 
in  such  methods  of  handling  temperature  data.     Plums  might  be  held  at 
a  high  temperature  for  a  day  or  two  causing  them  to  ripen,  and  then 
they  could  be  held  at  an  extremely  low  temperature  but  the  damage  v/ould 
already  be  done,  although  the  average  temperature  for  the  entire  per- 
iod might  be  as  low  as  one  that  v/ould  stop  ripening.  Nevertheless, 
in  the  tests  of  1941  and  1942,  the  averages  for  the  transit  period 
have  proved  to  be  sueful  in  analysing  the  test  data.     The  color  photo- 
graphs and  inspection  records  of  the  fruit  have  usually  borne  out  the 
assum.ption  that  appreciable  differences  in  average  transit  temperatures 
would  be  reflected  in  the  condition  of  the  fmit. 
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TEMPERATUI^  OF  DIPPEPE'OT 
PARTS  OF  THE  LOAD  IN  TRANSIT 

A  carload  of  fruit  does  not  have  a  uniform  temperature  in 
transit  as  the  records  taken  in  these  studies  and  others  have  shown. 
This  had  led  to  the  recoinmendatlon  that  the  cool  parts  of  the  load  be 
used  for  the  ripest  fruit  and  the  v/arm  upper  layers  for  greener  fruit. 
Drawings  of  plum  loads  with  average  transit  temperatures  indicated  are 
presented  in  figures  4  and  5.     The  value  of  precooling  in  making  loads 
more  uniform  in  temperatures  is  brought  out  by  comparing  cars  9  and  11 
in  figure  4  (Hoak  loads).     A  16°  spread  in  temperature  existed  between 
bottom  and  top  layers  of  the  quarter  length  stack  in  poorly  precooled 
car  9,  whereas  in  well  cooled  car  11  the  spread  v/as  only  4°.  The 
average  temperature  of  the  middle  layer  quarter  length  is  not  generally 
as  warm  in  standard  cars  as  that  of  the  top  layer.     In  this  car  it  v/as 
slightly  v/armer  because  it  was  very  slov/  in  cooling,  a  fault  common 
with  this  part  of  Hoak  loads.     It  should  be  noted  that  fan  car  8  main- 
tained cool  top  layers,  especially  at  the  quarter  length  and  bimker 
stacks.     Other  parts  of  the  load  were  not  much  cooler  than  in  the  well 
cooled  standard  car  (car  11),  but  it  is  evident  that  air  circulation 
in  transit  made  up  for  about  5°  difference  in  precooling  temperature. 

Tempe ratiores  in  standard  lengthwise  loads  are  shovrn  in 
figure  5,     Very  uniform  cool  temperatures  were  obtained  by  a  combina- 
tion of  good  precooling  and  air  circulation  in  transit   (car  5).  Fan 
car  18,  precooled  to  only  64^,  had  a  better  transit  temperature  record 
than  standard  car  6,  precooled  to  47°,     These  tests  show  that  air  cir- 
culation in  transit  is  beneficial  in  cars  that  have  received  limited 
precooling . 

The  main  thing  brought  out,  in  respect  to  determining  where 
to  put  ripe  fruit,  is  that  the  bottom  layer  is  the  cool  part  of  the 
load  and  in  fan  cars  the  top  layer  is  also  usually  cool.    The  middle 
layers  may  be  relatively  warm  in  Hoak  loads  even  in  fan  cars. 


PRECOOLING 

Hoak  versus  lengthwise  loads; 

The  precooling  of  the  vertical  stidp  or  Hoak  load  was  given 
special  attention  since  this  load  was  used  by  many  shippers  to  reduce 
breakage  in  transit.     There  were  two  reasons  for  expecting  it  to  cool 
more  slowly  than  the  lengthwise  load.     First,  in  common  with  all  cross- 
wise loads,   the  end  of  the  crate  instead  of  its  side  is  towards  the 
air  channel  betvreen  rows  and,  since  the  end  is  thicker  and  tighter 
than  the  side,  heat  transfer  through  it  would  be  slower.     In  addition, 
the  vertical  strips  of  the  Hoak  load  prevent  lengthwise  movement  of 
air.     In  these  tests  with  the  Hoak  loads,  several  other  difficulties 
vrere  encountered. 

The  practice  of  covering  the  load  with  canvas  near  the  door 
to  prevent  short  circuiting  of  air  in  loads  cooled  by  air  blovm  into 
the  car  at  the  doorway  had  to  be  discontinued  because  v/ith  the  air 
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channels  blocked,  little  air  from  the  procooler  could  reach  the  pack- 
ages beneath  the  canvas,     V/ith  ?)11  types  of  equipment  it  v/as  hard  to 
cool  the  middle  layer,  especially  in  the  quarter  length  stack.  This 
can  be  seen  by  comparing  figures  6  and  7,   records  of  Hoak  and  length- 
wise loads  respectivelye     In  almost  every  test,   the  Hoak  load  shewed 
a  Yii.de  spread  in  the  cooling  rates  of  top  and  middle  layers.     Car  6 
was  cooled  long  enough  to  get  the  middle  layer  fairly  cool  but  there 
were  many  cars  that  were  not  cooled  this  long  5n  which  middle  layers 
were  still  quite  v/arm  after  precooling.     About  25  percent  more  time 
was  required  to  cool  this  portion  of  Hoak  loads  as  compared  to  length- 
wise loads . 

The  top  layers  actually  cool  faster  in  Hoak  than  in  length- 
wise loads  for  the  air  blast  can  usually  be  held  at  a  lower  tempera- 
ture since  heat  is  not  being  removed  as  fast  from  the  bulk  of  the  load. 
Consequently,  the  average  of  all  layers  may  cover  up  the  true  condi- 
tion prevailing  in  the  heart  of  the  load.     This  is  brought  out  by 
figure  8  which  shows  the  cooling  rates  of  crates  of  plums  in  the  center 
of  Hoak.  and  lengthv</ise  loads;   that  is,  middle  layer,  quarter  length 
stack  0     These  cars  were  loaded  at  the  same  shed  for  this  test  and  were 
cooled  as  nearly  alike  as  possible.     Differences  were  not  great  between 
averages  of  all  layers  or  oven  the  average  of  the  middle  layers,  but 
when  the  centers  of  the  loads  v;ere  compared  the  Hoak  load  v^^as  warmer 
even  though  it  had  the  lowest  air  blast.     If  the  center  of  the  load 
is  warm  after  precooling,  fruit  here  v/ill  ripen,  and  it  vdll  tend  to 
warm  the  fruit  in  layers  above  it. 

An  attempt  was  made  to  improve  the  cooling  of  Hoak  loads  by 
suspending  a  canvas  from  the  ceiling  of  the  car  to  the  top  of  the  load 
on  each  side  of  the  brace.    The  precooling  equipment  used  in  this  test 
was  bulkhead  fans.     It  was  thought  that  the  canvas  baffles  would  pre- 
vent the  air  from  circulating  around  the  load  and  would  increase  air 
movement  down  through  the  channels.     Some  benefit  was  obtained  in 
faster  cooling  of  the  center  of  the  load  (figure  9)  but  not  as  much  as 
v/as  anticipated.     The  car  v/ith  baffles,  starting  about  4°  higher  in 
temperature,  reached  the  temperature  of  the  other  car  in  about  12  hours 
but  shov/ed  no  gain  thereafter. 

Precooling  equipment; 

The  results  of  tests  on  thorough  precooling  of  Hoak  and 
lengthv/ise  loads  v/ith  the  conventional  type  propeller  fans  are  shov/n 
in  figures  6  and  7.     The  precooling  rates  in  a  Hoak  load  precooled. 
with  Preco  fans  are  shcv/n  in  figure  10.     This  car  v/as  not  precooled 
long  enough  for  lov/  temperatures  and  the  middle  layer  was  fairly  v/arm 
at  the  end  of  cooling  because  of  this,  although  the  fans  maintained 
fairly  good  cooling  rates. 

The  results  of  a  test  v/ith  a  tracksido  ammonia  unit  are 
shov;n  in  figure  11,     The  precooling  period  of  only  8  hours  v/as  not 
long  enough.     About  18  to  24  hours  v/cre  needed  v/ith  this  and  other 
equipment  to  cool  the  load  to  the  lev/  40 's. 
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Cooling  rates  obtained  In  1942; 

The  results  of  the  procooling  tests  of  1942  v/ere  very  similar 
to  those  obtained  in  1941.     There  were  instances  virhen  for  short  periods 
high  rates  were  maintained,  but  for  the  thorough  procooling  that  fairly- 
ripe  fruit  needs,  18  to  24  hours  were  generally  required  and  cooling 
rates  of  1.3°  to  2.1°  per  hour  were  about  all  that  could  be  expected 
(table  7) r 

Amount  of  salt  and  ice  used; 

For  good  precooling,  ice  meltage  per  car  varied  from  7,700 
to  11,600  pounds,  the  amount  melted  generally  depending  on  hov/  much 
heat  v;as  removed.     Upon  the  basis  of  ice  meltage,  2.7°  to  4,3°  were 
removed  for  every  1,000  pounds  of  ice  consumed  in  these  cars.  Last 
year's  values  v/ero  in  the  same  general  range. 

Estimating  the  temperature  of  the  load; 

Last  year  it  was  fomd  that  5  easily  accessible  positions 
could  be  used  to  estimate  the  temperature  of  the  load  at  the  end  of 
precooling.     These  were  the  bottom,  middle  and  top  layer  crates  of 
the  doorv/ay  stack  and  those  in  the  top  layer  of  the  quarter  length 
and  bunker  stacks.     In  the  1942  tests,  these  positions  v;ere  likewise 
reliable  for  lengthwise  loads  but  not  for  Hoak  loads   (table  8), 


SUMMARY 

Tests  on  precooling  and  transit  refrigeration  of  plums  in 
relation  to  maturity  and  market  quality  v/hich  were  begun  in  1941  were 
continued  in  1942,     Twenty-seven  test  cars  were  shipped  with  Beauty, 
Santa  Rosa,  Tragedy,  Duarte  and  President  plums. 

Beauty  plums  having  20  to  40  percent  pink  to  red  color  on 
arrival  wer^  generally  preferred  by  the  auction.     Early  shipments  v/ere 
accepted  without  discount  if  showing  50  to  60  percent  reddish  color. 

Plums  of  this  variety  having  10  to  15  percent  pink  color 
when  shipped  arrived  in  good  condition  in  the  bottom  layers  of  all 
test  cars  and  also  in  the  top  layers  of  well  refrigerated  fan  cars. 
Average  transit  temperatures  of  44°  or  less  were  apparently  low  enough 
for  this  maturity. 

Fruit  of  minimum  maturity,  most  of  the  plums  greenish  yellow^ 
some  with  straw  tips  or'  trace  of  pink,  needed  transit  temperatures  that 
favored  some  color  development  such  as  were  found  in  top  and  middle 
layers  of  moderately  refrigerated  cars.     However,   temperatures  of  60° 
or  above,  encountered  in  top  layers  of  poorly  precooled  standard  cars, 
were  too  high  and  bottom  layers  of  all  cars  which  were  in  the  range  of 
38°  to  44°  average  temperatures  v/ere  too  cold,     V/liat  was  needed  were 
temperatures  averaging  about  45°  to  48°,  obtained  in  top  layers  of  well 
cooled  standard  cars  or  moderately  cooled  fan  cars.     Fruit  possessing 
little  greenish  yellow,  mostly  yellov/ish  green,  was  not  good  in  flavor 
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and  its  shipment  should  be  discouraged. 

The  usual  auction  preference  for  Santa  Rosa  pluins  was  for 
fruit  that  had  50  to  90  percent  pink  to  red"  color,"  v/i'th  no  dark  red 
or  ripe  plums  in  evidence.     This  was  a  little  inoi-e  red  color  than  was 
acceptable  in  1041, 

For  plums  of  minimum  maturity  showing  40  to  45  percent  pink 
to  rod  color  when  packed,  average  transit  temperatures  cooler  than  50° 
were  needed  and  this  called  for  good  precooling  of  standard  cars  or 
moderate  precooling  of  fan  cars.     Low  transit  temperatures  such  as 
prevai.l  in  bottom  layers  were  not  required  but  they  were  not  objection- 
able since  this  fruit  did  not  require  much  color  development  in  transit 
to  be  acceptable  by  the  auction. 

Riper  Santa  Rosa  plums,  having  75  to  85  percent  pink  to  red 
color  generally  needed  temperatures  that  averaged  40  to  45°  such  as 
were  obtained  in  the  bottom  layers  of  standard  cars  or  the  bottom  or 
top  layers  of  well  precooled  fan  cars.     These  riper  plums  had  the  best 
flavor  of  all  maturities  shipped  and  were  worth  some  extra  effort  in 
handling  and  shipping.     (See  also  carbon  dioxide  tests.) 

The  commercial  pack,  consisting  as  it  did  of  an  assortment 
of  pliims  ranging  from  25  percent  to  full  color  and  differing  in  maturi- 
ty from,  time  to  time  as  riper  or  greener  lots  wore  packed,  had  a  wide 
latitude  of  suitable  temperatures.     It  usually  arrived  in  good  condi- 
tion   in  the  bottom  layers  of  all  cars  and  in  other  parts  of  well  pre- 
cooled fan  cars  where  average  temperatures  were  in  the  range  of  37 o  to 
44°,    Top  or  middle  layers  of  standard  cars  v/ere  slightly  warm  for  this 
fruit  unless  well  precooled. 

Tragedy  plums  in  best  demand  by  the  auction  were  those  show- 
ing 80  to  95  percent  blue  color  with  very  little  dark  blue  or  ripe 
fruit  in  evidence, 

Plums  having  about  40  to  45  percent  blue  color  when  packed 
were  about  the  limit  of  ripeness  for  top  layers  of  standard  cars  where 
average  transit  temperatures  were  45°  to  50°,     For  cooler  portions  of 
the  load  in  the  range  of  37°  to  45°,  plums  having  65  to  90  percent 
blue  color  v/ere  satisfactory.     In  contrast  v;ith  these  results  in  stan- 
dard cars,  fruit  vfith  as  much  as  90  percent  blue  color  arrived  in  good 
condition  in  top  and  bottom  layers  of  a  well  precooled  fan  car'  shipped 
standard  refrigeration  v/ith  i.ns t rue tions  for  salting, 

Duarte     plums  75  to  90  percent  red,  with  flesh  pink  to  red 
were  preferred  by  the  auction.     llo  dark  rod  or  soft  fruit  v/as  wanted. 

Commercial  packs  of  Duarte  plums  appeared  to  be  more  uniform 
than  those  of  other  varieties  and  such  fruit,  varying  from  50  percent 
to  full  color,  averaging  about  70  percent  light  red,  arrived  in  good 
condition  in  all  parts  of  the  loads. 

The  barely  passing  maturity  having  about  50  percent  light 
red  when  packed  generally  arrived  with  slightly  less  color  than  was 
desired.     This  is  an  indication  that  greener  fruit,  for  instance  equi- 
valent maturity,  should  not  be  shipped. 


'-  v  ?; 
•  -     r  ' 


1 


-  28 


The  ripest  fruit  packed,  v/hich  showod  90  percent  red  color, 
needed  temperatures  found  in  well  cooled  fan  cai's  or  in  bottom  layers 
of  standard  cars , 

The  market  preference  for  the  Pi'esldont  variety  was  for  plums 
shov/ing  full  blue  color  with  little  dark  blue  or  soft  frui.t  in  the 
pac]:.     Plums  showing  only  85  percent  blue  color  on  arrival  were  consi- 
dered slightly  green  for  the  auction. 

Fruit  of  minimum  maturity,  having  75  percent  reddish  purple 
color,  generally  arr-ived  slightly  green  even  when  exposed  to  fairly 
high  transit  temperatures;  fruit  with  85  percent  ovorcolor  was  more 
attractive  on  arrival  and  gave  no  refrigeration  difficulties.  Even 
full  colored  plums  arrived  in  good  conditJ.on  in  most  shipments.  This 
variety  is  apparently  slow  in  ripening  and  can  be  handled  if  fully 
colored  if  the  plums  are  not  dark  blue  or  soft. 

Atmospheres  v;ith  5  and  10  percent  caj'b on _  dioxide  at  42*^  re- 
tarded coloring  and  softening  about  as  much  as  did  storage  at  10^  lower 
temperature  in  air,  these  results  confirming  those  of  earlier  tests. 

In  shipping  tests,  a  similar  retarding  effect  on  ripening 
was  observed  from  the  addition  of  1,100  pounds  of  dry  ice  to  the  car 
after  it  v;as  loaded.     In  one  test  shipment  it  gave  about  as  much  con- 
trol of  ripening  as  did  6°  to  8°  lov/er  precooling  temperature.  This 
treatment  thus  appears  to  have  a  place  in  the  shipment  of  ripe  plums 
but  it  is  not  recommended  for  fmit  near  the  minimum  maturity,  for  its 
ripening  was  delayed  too  much  and  it  lost  flavor,. 

It  is  usually  necessary  to  precool  fan  cars  if  low  transit 
temperatures  are  desired;  a  fan  car  may  have  as  low  transit  tempera- 
tures, as  a  standard  car  which  is  precooled  considerably  longer. 

Top  layer  temperatures  were  reduced  and  more  uniform  tem- 
peratures v;ere  obtained  throughout  the  load  by  thorough  precooling. 
Fan  cars  which  circulate  air  in  transit  also  have  more  uniform  tempera- 
tures than  standard  cars.     The  cool  portion  of  the  load  in  standard 
cars  is  the  bottom  and  next  to  bottom  layers;   in  fan  cars,  top  and 
bottom  layers  are  usually  the  coolest. 

The  middle  layer  of  the  Iloak  load  was  hard  to  precool  and  in 
some  tests  required  25  percent  more  time  to  cool  than  this  part  of  the 
lengthwise  load, 

V/ith  all  types  of  equipment,  thorough  precooling  to  40"^  or 
less  requires  IB  to  24  hours  with  air  temperatures  in  the  r^ange  of 
32^  to  40°. 
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TABL_E_2 

CONDITION  OF  BEAUTY  PLUMS  ON  ARRIVAL 
AS  INFLUENCED  BY  TRAl^iSIT  TEliPERATURE 
AND  MATURITY 


CONDITION  FOR  AUCTION 


TRAtlSIT  \j 


POSITION  IN  LO.^D 


Layer 


Stack 


FiATURm"  _3__ 
Barely  Passing, 
TEST      Yellow  Green  to 
Straw,  Trace  of 

Fink  on  Few  Pluiis 


MATURITY  4 
Average  10^  "Pink 
To  Red  Color, 
Mostly  Firm 


"F. 

38 

Bottom 

Bunker 

4 

— 

Good 

39 

Bottom 

Bunke  r 

1  2/ 

},!fuch  too  green 

Slightly  green 

39 

Bottom 

Bunker 

3  y 

Too  green 

Excellent 

44 

Bottom 

Bunker 

2  2/ 

Too  green 

Excellent 

44 

Top 

Doorway 

I/iuch  too  green 

Good 

44 

Bottom 

Doorway 

4 

Good 

44 

Bottom 

Quarter- 

4 

Good 

length 

3  _2/ 

46 

Top 

Doonivay 

Slightly  green 

Slightly  ripe 

48 

Top 

Doorvjay 

2  Zj 

Slightly  green 

Slightly  ripe 

49 

Top 

Doorway 

4 

Too  ripe 

Too  ripe 

50 

Middle 

Quarto r - 

4 

Too  ripe 

lenf';th 

52 

Top 

Punhor 

4 

Too  ripe 

53 

Top 

Quarter - 

4 

Moich  too  ripe 

length 

"ij    Average  temperature  for  trr.nsit  period,  i.e.  from  loading  time 
until  unloaded, 

2/    Fan  car. 


TABLE  5 

CONDITION  OF  SMTA  ROSA  PLUMS  ON  ARRIVAL 
AS  INFLUENCED  BY  TRA1\SIT  TEICPERATURE  AND 
MATURITY 


COi«RCIiiL 


CONDITION  FOR  AUCTI ON 
IililTURITY  3 


MTURITY  5 


TR/NSTT 

1  /  POSTTTOF 
T    \rp  T* 

TN  TiO/'D 

Mixture  of 
Jfeturities 
3  to  5 

Minimum  about 
40^  Pink  to 
Red 

75  to  RF 

P-inlr  Ci 



D  \J  \J  \^  \J1LL 

Til  1  ri  >^ 

1  n 

XL' 

Good 

i>  V.'  wx  Vvci  y 

R   ?  / 

Slightly  Green 

40 

p.  n"["","h  OTTi 

X-        O  L'  Will 

U  L  L 1  i  r-.o  J, 

u 

(X  nnH 

VJr  \J  \J\X 

40 

8  2  / 

40 

Ton 

P 1  TH 

■U  ULli.  luK^  1 

R  "?/ 

Slightly  Green 

40 

Top 

^lac^x  vox 

8  "2/ 

Slightly  green 

Good 

40 

B  ott  oin 

11" 

G  0  od 

41 

Bottom 

Quarter 

5  2/ 

41 

Top 

Quarter 

vjr  vJ  vJU.    0  / 

MM 

41 

B  ott  om 

Bunko  r 

8  2/ 

MM 

41 

Bottom 

Bunker 

9 

41 

Bottom 

Quarter 

14 

LrUUU. 

Slirhtlv 

ripe 

41 

Bottom 

Quarter 

16 

1 00  ripe  0/ 

42 

Bottom 

Bunker 

5  2/ 

Sli2;htly 

ripe 

42 

J'liddlo 

Quarter 

5  2/ 

Good  Z/ 

42 

B  ott  om 

Quarter 

10 

UOOU. 

Good 

42 

Botto?Ti 

Quarter 

11 

mm  Ml 

Good 

Slip'htly 

ripe 

43 

Bottom 

Quarter 

9 

Good 

Slirhtlv 

ripo 

44. 

li'Iiddle 

Quarter 

6 

Slightly  ripe  ^ 

44 

Top 

Dooi*vra,y 

6  2/ 

Good 

44 

Top 

D  oor^'oav 

J—*  v-*      J,  V  '  y 

Good 

45 

Top 

D  o  0  rvjav 

5  2/ 

Good 

Slip-ht  Iv 

X  X  p.  J- 1  C  XV 

X  J. 

46 

Midd le 

R  "2/ 

Excellent 

Good 

46 

Top 

V:^         X  VOX 

11 

Good 

'Pnr)  "HP 

X'-i/v-'  J.\.XjJty 

47 

Top 

Doorway 

6 

Good 

Too  Ripe 

47 

Top 

Too  Ripe  3/ 

48 

Fiddle 

Q\\arter 

11 

Slightly  ripe 

— 

49 

Top 

Quarter 

6 

Slightly  ripe 

49 

Top 

Doonvay 

7  2/ 

Fair 

Good 

Too  ripe 

49 

Middle 

Quarter 

14 

Too  ripe 

Good 

Too  ripe 

50 

Top 

DocrvvTiy 

0 

Slightly  ripe 

51 

Top 

Quarter 

14 

Too  ripo 

Too  ripe 

52 

Top 

Quarter 

10 

Too  ripo 

Too  ripe 

52 

Middle 

Quarter 

10 

Slightly?-  ripe 

53 

Middle 

Quarter 

9 

Slightly  ripe 

59 

Top 

Quarter 

9 

Slightly  ripo 

Too  ripe 

Too  ripo 

l/    Average  temperature  for 
until  unloaded. 

transit 

period,  i.e.,  from  loading  time 

_2/    Fan  car, 

Z/    Ripe  when  packed,  showing  50  to  90%  pink' to  red. 


TABLE  4 

CONDITION  OP  TRAGEDY  PLUMS  ON  ARRIVAL 
AS  INFLUENCED  BY  TRANSIT  TEJ,IPERATURE 
AND  MTURITY 


CONDITION  POR  AUCTION 


TRANSIT  1/  POSITION 
TEITP.  Layer 

IN  LOAD 
STACK 

TEST 

COMERCIAL 
Mixture  of 
T.feiturit  ie  s 
3  to  5 

MATURITY  3 
Minimum, about 
40  to  45^  blue 

MATURITY  5 
85  to  9b% 
blue 

Of? 

Run  Trfi  t 

19 

Too  p-r^fipri 
d.  ±i. 

i*-*  J-  X  t  1 1  V  JU  V       p~i^  ^'^Al 

38 

Bottom 

Bunker 

16 

• 

Slightly  green 

Good,  slightly 
ripe 

41 

Vi  0"h+;  om 

Quarter 

16 

Good 

41 

Bottom 

Quarter 

23 

Good  z/ 

Good,  slightly 
ripe 

43 

Bottom 

Quarter 

17  Z/ 

Good 

— 

Good 

44 

Middle 

Quarter 

16 

Good 

— 

44 

Bottom 

Bunker 

17  2/ 

: 

Slightly  green 

Good 

45 

Top 

Doorway 

17  2/ 

Slightly  green 

Good 

47 

Top 

Quarter 

16 

Good,  slightly 
ripe 

48 

Middle 

Quarter 

23 

Good  z/ 

Slightly  ripe 

49 

Top 

DoorT/vay 

19 

Slightly  ripe 

Too  ripe  ^ 

49 

Top 

Quarter 

23 

Too  ripe  3/ 

50 

Top 

Doorway 

16 

Good 

Too  ripe 

1/    Average  temperature  for  transit  period,  i.e.,  from  loading  time 
until  unloaded. 


2/    Fan  car, 

Z/    Ripor  than  maturity  3}  55  per  cent  blue,  actually  maturity  4, 

4/    Slightly  greener  than  maturity  5;  actually  maturity  4  with  65% 
blue  color. 


TABLE  5 

CONDITION  OF  DUARTE  PLUMS  ON  ARRIVAL 
AS  INFLUENCED  BY  TRA1\TSIT  TEI.IPERATURE 
AND  MTURITY 


CONDITION  FOR  AUCTION 


COi^'IWRCIAL 

M^'.TUHITY  3 

MTURITY  5 

TRANSIT 

POSITION 

IN  LO/J) 

TEST 

Mixture  of  Plums      Minimum,,  45  to 
Greener  than  3  to    50?^  light  red, 

90%  red. flesh 
Full  Pink  to 

TEl'IP 

•  V 

LAYER 

STACK 

Riper  than  5. 

Flesh  1/2  to 

r  U  X  X    i  miC 

Red. 

^F. 

39 

B  ott  cin 

Rimlrff  r 

20 

Slightly  green 

Good 

39 

Bottom 

Run  Ice  1* 

21 

— 

Too  green 

Good 

41 

R  ott om 

Oil ■p'fcp T* 

20 

Good 

41 
42 

Bottom 

x^u.cA.i  vox 

Bunko r 

18  2/ 

— 
— 

Good  slightly 

riDG  3/ 
Slightly  green 

Slightly  ripe 

43 

Top 

Quarter 

18  2/ 

Good 

— 

43 

Middle 

Quarter 

20 

Good 

— 

43 

Bottom 

Quarter 

21 

Good 

— 

44 

Bottom. 

Quarter 

18  2/ 

Good 

— 

45 

Mi  ddla 

Ql ICS  v»-f-(a  r» 

1  R  ?/ 

Good 

45 

Top 

Lj           vvc  y 

20 

— 

Slightlv  green 

45 

Top 

Good 

46 

Top 

Doonvay 

21 

Good 

Slightly  ripe 

47 

Top 

Doorway 

13  2/ 

— 

Slightly  green 

Too  ripe 

47 

Middle 

Quarter 

c  i 

Good 

— 

48 

Middle 

Quarter 

00 

Slightly  ripe  _3/ 

49 

Top 

Quarter 

21 

Good 

MM 

49 

Top 

Quarter 

23 

Slightly  ripe  3/ 

1/ 

Average  temperature  for 
until  unloaded. 

transit 

period,  i.e.. 

loading  time 

1/ 

Fan 

car. 

y 

Ripe 

ir  than  maturity  3j 

classed  maturity  4, 

T/^LE  6 

COiroiTION  OF  PRESIDENT  PLIT?^S  ON  ARRIVAL 
AS  INFLUENCED  BY  TRAIT  SIT  TEItPER/iTURE 
AND  iiI/iTURITY 


CONDITION  FOR  AUCTION 


M/iTURITIES  3  and  4 


MATURITIES  5  and  6 


TRANSIT  \/ 

POSITION 

IN  LOAD 

TEST 

Miniiiium  and  slightly 
riper;  75-85^  red 

yo-iuo/o  Diuo  color 

iiJiJVir« 

Layer 

btaok 

purple 

^F. 

39 

Bottom 

Quarter 

24 

Slightly  green 

Slightly  ripe 

39 

Bottom 

Quarter 

26 

Slightly  green 

Good  2/ 

42 

Bottom 

Quarter 

25  3/ 

Slightly  green 

Good 

43 

Top 

Quarter 

25  3/ 

Slightly  greon 

Good,  slightly 
ripe 

43 

Top 

Quarter 

27  3/ 

Good  4^ 

Good 

43 

Middle 

Quarter 

27  3/ 

Good  _5/ 

45 

Bottom 

Quarter 

27  3/ 

Good  4/ 

Good 

47 

Top 

Quarter 

24 

Good 

Slightly  ripe 

49 

Top 

Quarter 

26 

Good,  slightly  green 

Slightly  ripe  zj 

1/    Average  temperature  for  transit  period,  i.e.,  loading  time 
until  unloaded, 

Z/  Ifcturity  6,  100^  blue  colorv 

y  Fan  oar, 

_4/  Jfcturity  4,  85^  reddish  purple. 

_5/  Commoroial  pack,  most  plums  maturity  5, 
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TABLE  8 

ESTIMTING  AVERAGE  FRUIT  TEMPERATURES  BY 
THE  TEI'[PERATURE  IN  FIVE  ACCESSIBLE  CRATES 


FIVE  OUTSIDE  2j 

TEST                    PRBCOOLIire  ?ETHOD                    PIOURS           AVE.  _l/  CRiiTES  COM- 
 2  CODI^D  TEI'iDP.  FARED  TO  AVE. 

Lengthwise  Loads 


20 -X 

Propeller  fans  top  bulldaead 

10 

42 

-2.0 

X  1  w|JU  JLJ.  ox       XCtlLo      vV-'L/      ULiJ.  l^iC  CI  vX 

17-1/4 

-4.0 

6 

Propeller  fans  top  bulkhead 

18-1/4 

47 

-1,0 

13 

Propeller  fans  top  bulkhead 

19-1/4 

36 

-1.0 

12 

Propeller  fans  top  bulkhead 

19-0/4 

35 

0 

5 

Propeller  fans  top  bulkhead 

21-3/4 

43 

-1.0 

24 

Propeller  fans  top  bulMiead 

23 

42 

-2,0 

1 

Car  equ.ipnisnt  under  floor  racks 

4-1/2 

57 

0 

1  "P  v»  cri  r»  r\  1 
x  1  o  O  vj  ^ 

iioaK  orosswise  Lioaus 

15 

Propeller  fans  top  bulkhead 

8 

51 

-7.0 

11 

Propeller  fans  top  bulkhead 

19-1/2 

43 

-6.0 

21-X 

Propeller  fans  top  bulkhead 

21rl/4 

39 

-3.0 

21 

Propeller  fans  top  bulkhead 

22 

42 

-4.0 

20 

Propeller  fans  top  bullcboad 

24 

38 

-3,0 

4 

Mechanical  rof,  air  delivery  at 

6-1/4 

55 

-4.0 

dooinfra.y 

9 

Mechanical  rof.  air  delivery  at 

8 

57 

-6.0 

doorway 

10-3/4 

14 

Mechanical  rof.  air  delivery  at 

43 

-5.0 

doonvay 

15-3/4 

10 

Mochanical  rof,  air  delivery  at 

48 

-5.0 

doorwr.y 

8-3/4 

8 

Car  equipi.iont  under  floor  racks 

48 

-7.0 

(Preco) 

11-1/2 

3 

Car  equipment  under  floor  racks 

47 

-4.0 

(Prcco) 


\J    Average  of  9  tomporaturos  taken  as  follovrs:     Bottom,  middle  and  top  layers 
of  bunker,  quarter  length  and  doorvray  stacks,  oonter  line  of  oar. 


2j    Bottom,  middle  and  top  layer  of  doorv.'ay  stack,  top  layer  of  quarter  length 
and  bunker  stacks. 


J 


DOORWAY 


BUHKBR 


4;i 

CIJl  9  -  POORLY  PPE- 
C 00 LED,  570  AVER7iGE 
TEJ.IPERATURE  VfflEN 
SHIPPED.     SMDARD  CAR, 
ST/JID/Jffi  REFRIGER/iTION. 
PLUMS  V/ERE  OVERRIPE  IN 
WARM  POSITIONS  OF  LOID, 


; 

/ 

/■ 

/ 
/ 

^  ) 

^  ^  ( 

46 

45 

 , . . 

42 

40 

C/Jl  11  -  Y.ELL  PRE- 
COOLED,  430  AVER7iCtE 
TEMPEPJITURE  VmEN 
SHIPPED.  ST/J^TD/JiD 
CAR,  STAND/Jtt)  RSFRIG- 
ER/.TION  5%  SALT.  I.IUCH 
BETTER  RECORD  THA1\T 
C/u{  9  BECAUSE  OF  THO- 
ROUGH PRECOOLING. 


/  /  /  /  y  y    /  /  /  y  ^  y>  /     /  /  /  /  /  /  y  /  //  /  /  /  /  ;  / 


413 

44 

40 

46 

SB 

40 



41 

\ 


CAR  8  -  MODER/.TELY  PRE- 
COOLED,  480  VJHEN  SHIP- 
PED.    F/Jvl  C/J^,  ST/jro/J® 
REFRIGERi.TION,  SALT. 
COMBINATION  OF  GOOD 
PRE' COOLING  AND  Yl^\  CAR  . 
G/iVE  LOl/Y  TR^mSIT 
TEI.'IPER/.TURE. 


FIGURE  4  -  TR/J^SIT  TEI.IPERATURES  OF  HOAK  LO/DS.     SECTION  THROUGH  CENTER 
LINE  OF  C/iR  SHC/riNG  ATfiR/iGE  TRi^J^SIT  TEI'iPEri/.IURES  OBTAIl^D 
FROM  RECORDING  THERIIOIETSRS  PACKED  IK  PLUIi  CRATES, 


BUNKER 


-7-7- 


47 

49 

I  1 

44 

1 

40  i 

40 

/  /   y  -y  ^ 


CAR  6  -  MODER/'-TSLY 
PRECOOLED,  470  AVERAGE 
TEIIPERATURE  YJHEN 
SHIPPED,  STAI^TDMD  CAR, 
RE  ICED  TOICE  IN  TRAlN- 
SIT.     NOTE  FAIRLY  W/JIM 
TEJ-IPERiiTURES  IN  TOP 
LAYER. 


45 

41 

4i 

4^ 

/ 

/ 


V  /  /      7  /  /  /  y  y   >  >  :^  )  /  /  ^  f  /  y  ?  7—7 


C/iR  5  -  W.LL  PRE- 
COOLED,  430  /iVEllAGE 
TEliffERATURE  T.HEN 
SHIPPED.     FM  C/J?, 
REICE  TVflCE  IN 
TRAJTSIT.  EXCELLENT 
RECORD, 


\  f  J  f  >   I   f   /   f    )  )  >    >  >   f  >    )   i   )   )   i  )    i   >    >    )  > 


47 

4^'? 

4b 

44 

42 

'  J   i   t   I  '   I  I   I    I   I  /    '  -7 — 1111/    )   I  )    f    )  )   f   /  J 


7 


V  ^  w  ^> 

7:7-/ 


7—7- 


CAR  18  -  POORLY  PRE- 
COOLED,  640  avePJiGE 
TEIffERATURE  V/HEN 
SHIPPED.     F/J.I  CAR, 
STMD/JiD  REFRIGERA- 
TION.    NOT  AS  GOOD 
RECORD  AS  7>ELL  COOLED 
CAR  5, 


FIGURE  5  -  TR/JTSIT  TEJ.IPERj".TURES  OF  LENGTHl'TISE  LO/JDS.     SECTION  THROUGH 
CENTER  LUTE  OF  CAR  SHOVflHG  AVER/iGE  TMSIT  TELCPEPxATURE 3 
OBTAItlED  FROM  RECOILING  THERl-IOIvETERS  PACKED  IN  PLUM  CRATES. 
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J 


